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FOREWORD 
 
 
This is the fortieth in a series of semiannual technical progress reports on fusion materials 
science activities supported by the Fusion Energy Sciences Program of the U.S. Department of 
Energy.  This report focuses on research addressing the effects on materials properties and 
performance from exposure to the neutronic, thermal, and chemical environments anticipated in 
the chambers of fusion experiments and energy systems.  This research is a major element of the 
national effort to establish the materials knowledge base of an economically and environmentally 
attractive fusion energy source.  Research activities on issues related to the interaction of 
materials with plasmas are reported separately. 
 
The results reported are the product of a national effort involving a number of national 
laboratories and universities.  A large fraction of this work, particularly in relation to fission reactor 
irradiations, is carried out collaboratively with partners in Japan, Russia, and the European Union.  
The purpose of this series of reports is to provide a working technical record for the use of 
program participants, and to provide a means of communicating the efforts of fusion materials 
scientists to the broader fusion community, both nationally and worldwide. 
 
This report has been compiled and edited under the guidance of R. L. Klueh and Teresa Roe, 
Oak Ridge National Laboratory.  Their efforts, and the efforts of the many persons who made 
technical contributions, are gratefully acknowledged. 
 
 
 
 G. R. Nardella 
 Research Division 
 Office of Fusion Energy Sciences 
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how does Δσsh influence the Co = ΔTo/Δσy relation? Second, is it possible to derive a 
universal relation between ΔTo and Δσfl averaged over a pertinent range of ε, <Δσfl>, 
such that a Co’ = ΔTo/<Δσfl> is independent of the individual values of Δσy and Δσsh? The 
results of this study suggest that <Δσfl> averaged between 0 and 0.1 provides a similar 
Co’ for various assumptions about the effect of irradiation on Δσsh. Notably, changes in 
indentation hardness, ΔH, are also directly related to this same <Δσfl>. Hence, 
measurements of ΔH should provide a good basis for assessing ΔTo for a wide range of 
alloys and irradiation conditions. 
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Ic/d(T) is consistent with the strain rate dependence of 
thermally activated flow stress of Fe. The KIc(T) for single crystal Fe and W are also 
reasonably similar when plotted on a homologous temperature scale. The KIa(T) for Fe at 
≈ -40°C is similar to that for Fe-3wt%Si at ≈ 110°C. This 150°C shift can be reasonably 
rationalized by the solid solution lattice strengthening of Si. The KIa(T) for Fe must be 
shifted up by ≈ 220°C to approximate the temperature dependence of the Kµ(T) that is 
consistent with a universal KJc(T) master curve shape. This magnitude of shift may be 
caused by a combination of thermally activated (rate-dependent) solid solution lattice 
strengthening, complemented by long-range internal stress fields. 
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desorption peaks within both the bcc and fcc temperature ranges. These peaks are well fit 
with first order reaction kinetics, which reveal activation energies ranging from ~1.9 to 
~3.5 eV.  The number and the relative intensities of detected desorption peaks within the 
bcc temperature range appear to increase with decreasing implantation energy. 
Previously reported spurious peaks and a non-1st-order sharp peak are now better 
understood and described in the current report. 
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mechanism and its strong binding with vacancies, information on its atomistic behavior is 
hard to assess from experiments. The only way to obtain such information is from first-
principles electronic structure calculations. However, electronic structure calculations can 
not be used on the time and size scales needed to simulate the important evolution of 
helium-vacancy clusters that ultimately leads to bubble formation. A multi-scale approach, 
based on constructing an empirical potential and employing this potential in classical 
molecular dynamics, seems to be the only practical approach currently available to study 
He behavior in metals on the desired scale. 
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are being used to study the fate of helium in the vicinity of dislocations and grain boundaries 
in alpha-iron.  Even at very low temperatures interstitial helium atoms can migrate to 
dislocations and grain boundaries, where they are strongly bound.  The binding energies of 
helium to these microstructural features, relative to the perfect crystal, and the migration 
energies of helium diffusing within them have a strong correlation to the excess atomic 
volume that exists in these extended defects.  Helium atom migration energies within the 
dislocations and grain boundaries studied are in the range of 0.4–0.5 eV.  Helium “kick out” 
mechanisms have been identified within dislocations and grain boundaries by which 
interstitial helium atoms replace a Fe lattice atom, creating a stable He-vacancy complex that 
may be a nucleation site for a He bubble. 
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× 1020 n/cm² or 1.20 dpa. The rig was rotated three times by 180° in order to reduce the 
radial and azimuthal neutron flux gradients. 

 

  


	FOREWORD
	This is the fortieth in a series of semiannual technical progress reports on fusion materials science activities supported by the Fusion Energy Sciences Program of the U.S. Department of Energy.  This report focuses on research addressing the effects on materials properties and performance from exposure to the neutronic, thermal, and chemical environments anticipated in the chambers of fusion experiments and energy systems.  This research is a major element of the national effort to establish the materials knowledge base of an economically and environmentally attractive fusion energy source.  Research activities on issues related to the interaction of materials with plasmas are reported separately.
	                                                             TABLE OF CONTENTS



