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A Multiscale Microstructural Approach to Ductile-Phase Toughened
Tungsten for Plasma-Facing Materials

Ba Nghiep Nguyeh Charles H. Henager, Jr., Nicole R. Overman, RitdaKurtz

Pacific Northwest National Laboratory, P.O. Box 9B&hland, WA 99352

Abstract: Increasing fracture toughness and modifying thetilgdbrittle transition temperature
of a tungsten-alloy relative to pure tungsten hasnbshown to be feasible by ductile-phase
toughening (DPT) of tungsten for future plasmasigcmaterials for fusion energy. In DPT, a
ductile phase is included in a brittle tungstenrirab increase the overall work of fracture for
the material. This research models the deformdimimavior of DPT tungsten materials, such as
tungsten-copper composites, using a multiscale fmgdeapproach that involves a
microstructural dual-phase (copper-tungsten) regioimterest where the constituent phases are
finely discretized and are described by a continudamage mechanics model. Large
deformation, damage, and fracture are allowed tmand are modeled in a region that is
connected to adjacent homogenized elastic regmrisrin a macroscopic structure, such as a
test specimen. The present paper illustrates thiftistale modeling approach to analyze
unnotched and single-edge notched (SENB) tungsipper composite specimens subjected to
three-point bending. The predicted load-displacégmesponses and crack propagation patterns
are compared to the corresponding experimentaltsetsuvalidate the model. Such models may
help design future DPT composite configurations fosion materials, including volume

fractions of ductile phase and microstructural mptation.
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