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Abstract
Irene Beyerlein

The goal of this work is to determine the class of bi-metal interfaces that will
create composite materials with extraordinary failure resistance under extreme
mechanical strains. The evolution of bi-metal interface properties were studied in
Cu-Nb multi-layered composites synthesized using a severe plastic deformation
(SPD) technique called accumulative roll bonding (ARB). EBSD and TEM
analyses strongly suggest that most interfaces in nanolayered ARB material are
{112}cc//{112}bce with a Kurdjumov-Sachs orientation relationship. Atomistic
sirnulation, dislocation theory, and polycrystal plasticity modeling are employed to
determine the structural aspects that make this interface stable under SPD and
its role in governing slip and twinning activity.
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1-2 microns
\

Bulk Dislocation density 1 micron to 500 nm

"i” “ l  Substructure \

500 nm to 50 nm

MICRON GAP

v Interface Dominance >

To pioneer an innovative Meso (nm to micron) Multi-
Scale (M2S) model for synthesizing interface-dominant
materials with the interfacial properties we want
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interface dominant materials

Accumulative Roll Bonding (ARB):

Achieving extreme strains beyond those possible with conventional rolling

polycrystalline
sheet A

polycrystalline

l rolling

] l roIIing Section/stack
Diffusion bond
— >

1 mmto
100 mm

100 nm
to 5 nm

ARB serves several purposes:
» Synthesis of bulk layered material
« Controllable strain
» Controllable layer thickness
* Model architecture
* One primary interface plane
* Relevant thermomechanical process
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CuINb ARB syntheS|s across length scales
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» Texture evolution, » Texture evolution,

Lattice dislocation density evolution Dislocation density in phases
Interfacial dislocation density evolution Defects in interface

Interface crystallography Interface crystallography

Layer thickness Layer thickness

Grain shape Hardness

Internal stresses and strains Directional flow stress vs strain curves
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Bulk synthesis of two-
phase interface
dominant composites
Mara, LeDonne,
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EBSD at fine length scales
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86 nm layer thickness
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Analytical interface model:

providing interface physics to the meso-scale
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Rate equations for dislocation density evolution for a bi-metal composite
* Nucleation

* Annihilation

* Transmission

» Reflection

* Absorption
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~ informed by lower-length scale physics
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Flux-Based A
Interface hl
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Predictions:

* How flux-controlling interfaces affect slip activity and reorientation
* Interface affected region (internal stress, dislocation density)
* Interfacial density
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Multi-interface
Models

» Two phase
 Mesh
generation
based on
microstructure

First-year Progress  kBPRE

Single-interface Interface Flux Dislocation
Models Models Models
« Two phase * Rate « Interface
« Analysis of equations for an formulation
reorientation interface . Interface
and slip activity * Flux based physics
formulation

conditions

for bulk

 CPFE framework
* Boundary

« Single crystal model

* |ldentifying key
processes
 quantifying
coefficients

* Programming for
direct implementation

Integration with experiment

innovation for our natlon)
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Multi-interface Single-interface Interface Flux Dislocations

Development Development Development Development

CO-DESIGN IMPLEMENT CO-DESIGN

Second Year *

FULL INTEGRATION
M2S MODEL

Third Year
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Dislocation-scale modeling

VALIDATION

'Nélte Mara:
~ Integration with
- Sogeling,

GL!DRD

innovation for our. mloﬂ)

Dislocation Density Flux Moder | VALIDATION
Hashem Mourad: Nate Mara:
Flux-Based + Single Integration with

Hashem Mourad: N ¢ onkhorst:
Flux-Based + Single 7 Multi-interface
Interface Model Modeling

VALIDATION |

Nate Mara:
Integration with
Modeling




.ﬁ’s Alamos Upcoming Posters LDR

NATIONAL LABORATORY innovation fo'r_éul:nllioll)
EST.1943

Dislocation-scale modeling VALIDATION

Poster #1:

Dislocation dynamics
Poster #2:

Phase field modeling

Poster #3:
HR-TEM

Dislocation Density Flux Moder | VALIDATION

" Poster #4: i : |

 Analytical interface model | iy l

| * ?

\ I\ _ 2
Single Interface Model MuItipIeTrﬁerface Model

i,gi;

VALIDATION T

Poster #6:
~ Nanomechanical Testing




