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Abstract

This briefing describes some the materials
theory, modeling and simulation capability
at Los Alamos National Laboratory.

pA
NYSH:

National Nucle urity Administratio

ational Nuciea rity Admin n
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA



Los Alamos National Laboratory

Outline
(=] s image cannot curently be dispiayed /
y Materials Design
Natures’ idea of lightweight ) ° Phllosophy
high toughness material  Virtual materials processing and
characterization
=] This
* Process-structure-property
Damascus swords performance
(the lgst recipe)
Applications

 Civil nuclear energy
» Carbon capture technology

Natures’ scintillators * Semi-conductor
(aka Butterflies)

8717 | 3




Los Alamos National Laboratory

Using ‘defects’ to improve materials performance
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Materials related issues
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Materials related issues
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Computer modeling identified the ideal coil to maximize the » Civil nuclear energy

efficiency of a heat exchanger. Computer-aided design e Carbon Capture technology
mapped a component with the optimized coils. Los Alamos _
additively manufactured the complex shape that was e Semi-conductor
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Long-term vision: process aware modeling ana
simulations
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Multiscale modeling paradigm
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METIS is a software that analyzes EBSD maps on low symmetry
materials and extracts statistical correlations between key markers
of the microstructure (e.q. twins, grain size, grain boundary
length). The data is used to guide materials design and test
reduced order microstructure evolution models

/ \ Processing EBSD image
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Twinning frequency
Grain Grain
size Twin area fraction orientation

# of twins per twinned grain
< Average twin thickness >
) ) - Microstructure metric quantification
Twin variant distribution Ty ymvreprm—

length Twin thickness at GB Misorientation

Crossing twin thickness at GB

K Twin crossing frequency /

Zr EBSD analysis: Juan et al., Acta Mater (2015); Mg EBSD analysis: Beyerlein et al, Phil. Mag (2010)
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Gap Opening between Clad and Spacer Grid

Characterize gap opening by keeping track of the distance _Contact surface
between nearest nodes on spring/dimple and clad tube i- |
(Gap= Average over all nodes considered) ===
\\
I
B E—
""" (Gap) g, T
= Analytical calculations (Billerey, IAEA-
TECDOC-1454 (2005) 101): gap opening
at end of life = 10 um
. Leaking rods at the periphery of
= GTRF wear setups typically use Westinghouse fuel rod assembly.
displacement amplitudes 5 to 30 pm Yan et al., Nucl. Engg. Design (2011)
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Polyamine/Microporous Silica CO, Adsorbents

(3) Silica-PEI composite

SEM (a), TEM (b), HRTEM (c) images and particle-size Mass transport:
distribution histogram (d) of the S600-10 sample

Gas phase diffusion in mesopores;

Solid state diffusion in silica-PEI
composites.

PEI structure Yao, L., et al., Journal of colloid and interface science 408 (2013): 173-180
Mebane, D.S., et al., The Journal of Physical Chemistry C 117.50 (2013): 26617-26627.
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Polymer Lifetime Prediction for High Explosives

Predicted Devellop ro.bus_t mode!s of the
! e 1- chemical kinetics of high
Surveillance Litetime explosive aging (hydrolysis,
CAS oxidation, chain scissioning)
valid for all likely conditions to
MAS long times (out to fifty years!)

simulations &
engineering performance
assessments
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(SAXS, SANS) Estane 5703: Block copolymer

D hard segments and flexible soft segments
Elasticity theory of molecular networks
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Multi-Scale Process Modeling
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