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Mission Statement: To enhance our fundamental understanding of the defects, defect interactions, and
defect dynamics that determine the performance of structural materials in extreme environments.

Defects of various types are ubiquitous in structural
materials and ultimately control their properties. Coarse Graining Approach to Large Scale Ab
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development and use of new computational and
experimental tools to access these scales. Through a
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predict how materials respond and perform under irradiation, while simultaneously laying the
groundwork to guide and accelerate the development of materials that are resistant to radiation-
induced property changes.

The CDP employs a multidisciplinary team that is developing and deploying novel experimental (X-ray,
Transmission Electron Microscopy (TEM), Nano-mechanical testing) and theoretical techniques (large
scale ab initio electronic structure, quantum informed molecular dynamics, atomistic kinetic Monte-
Carlo methods) that can jointly probe the production and evolution of irradiation induced defects, their
subsequent interaction with
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and to develop models that have




been validated at the most basic level of “atoms
and electrons”.

Within this overall context the CDP focuses on two
interconnected themes:

= Defect formation and short-term evolution
under irradiation

= Dislocation interactions with radiation
produced defects

In the first theme, the goal is to obtain a
guantitative understanding of the mechanisms of
defect formation and short-term defect evolution
that determine material behavior and the
properties of Fe-based alloys under irradiation.
We employ advanced ab initio and atomistic
methods to determine defect character and
properties, and the influence of magnetism and
solutes. In addition we directly compare predicted
microstructures to experimental results obtained
by employing x-ray diffuse scattering and in situ
TEM. The goal of the second theme is to develop a
rigorous understanding of the fundamental unit
events that control strength and deformation by
studying the interaction of dislocations with both
preexisting defects, such as grain boundaries, and
the defects produced by irradiation. To accomplish
this, the CDP is deploying a suite of new

New In Situ 3D X-ray Testing Capability at APS

Sub-micron stress measurement by 3D X-ray

Nano-Mechanical Testing of Irradiated Pillars

s
Fe, Fe-Cr, Fe-Ni -+
Quantitative in situ mechanical testing of irradiated
samples during transmission microscopy provides
direct information on defect interactions and effects
on plastic deformation.

experimental tools that includes: 3D X-ray microscopy, TEM (both high resolution and in situ

deformation) and in situ nano-mechanical testing.
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