LA-UR- //—0/2 o5

Approved for public release;
distribution is untimited.

Title: | Relevance of fcc-bec Interface Structure to Defect Properties
at Interfaces in Irradiation Environment

Author(s): | X .-Y. Liu, R.G. Hoagland, M.J. Demkowicz*, B.P. Uberuaga,
X.M. Bai, M. Nastasi, A. Misra, and J.P. Hirth

Los Alamos National Laboratory, Los Alamos, NM 87545,
USA

* Department of Materials Science and Engineering,
Massachusetts Institute of Technology, Cambridge, MA

Intended for: | 2011 TMS Annual Meeting & Exhibition

/A
5 Lg?s Alamos

NATIONAL LABORATORY
EST.1943

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the Los Alamos National Security, LLC
for the National Nuclear Security Administration of the U.S. Department of Energy under contract DE-AC52-06NA25396. By acceptance
of this article, the publisher recognizes that the U.S. Government retains a nonexclusive, royalty-free license to publish or reproduce the
published form of this contribution, or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests
that the publisher identify this article as work performed under the auspices of the U.S. Department of Energy. Los Alamos National
Laboratory strongly supports academic freedom and a researcher’s right to publish; as an institution, however, the Laboratory does not
endorse the viewpoint of a publication or guarantee its technical correctness.

Form 836 (7/06)



2011 TMS Annual Meeting & Exhibition:
Microstructural Processes in [rradiated Materials

Title:
Relevance of fce-bee interface structure to defect properties at interfaces in
irradiation environment

Authors:
X.-Y. Liu, R.G. Hoagland, M.J. Demkowicz*, X.M. Bai, B.P. Uberuaga, M. Nastasi, A.
Misra, and J.P. Hirth

Los Alamos National Laboratory, Los Alamos, NM 87545, USA
* Department of Materials Science and Engineering, Massachusetts Institute of
Technology, Cambridge, MA 02139

Abstract:

Nanolayered Cu-Nb composites exhibit high strength and enhanced radiation damage
tolerance. To understand the relevance of interface structure to interface properties in
fce-bee systems, tunable potentials offer a fairly simple way to selectively vary
parameters independently. In this work, the parameterization of the EAM interatomic
potential in fcc-bee system is modified to understand the interface properties. We first
change the dilute heats of mixing between Cu and Nb and investigate the effect on
interface structure and defect formation energies near interface. To understand the
interface behavior in different lattice misfit environment, the relative lattice constants
between Cu and the bee crystal are varied. Interface dislocation analysis based on Frank-
Bilby formulation is to be presented, together with atomistic simulation result. Defect-
interface interactions are studied with molecular dynamics (MD) and accelerated MD
method, to predict the radiation damage tolerance of these interface systems.
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Experimental background

Cu-Nb multilayers bulk Cu
Iayer thlckness 2.5nm
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Room temperature He implantation, Energy: 150 keV, Dose: 1 x 10" /Jcm? (7dpa)
Understanding of the defect properties at interfaces in irradiation
environment is key to predictive design of radiation tolerance materials
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Previous modeling effort and current work

Demkowicz et al, PRL 100, 136102 (2008)
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How does the interface variation influence interface sink strength?

Need a way to systematically vary atomic structure without changing

anything else and then explore the sink strength of interfaces with
different atomic structure.

Use a “tunable” potential approach to vary interface properties:
« Keep lattice misfit constant, systematically vary heats of mixing,
» Or, keep heats of mixing constant, systematically vary lattice misfit.
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Tunable-potential approach

Tune the parameterizations of the interatomic potential describing fcc-becc
metallic material.

a.) Interface energetics (heats of b.) Variation of lattice mismatch (or
mixing) (results published in Liu et misfit) at interface (this talk)
al, Acta Mater. 58, 4549 (2010).)
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Fitting of interatomic potentials

A series of EAM (embedded-atom-method) potentials are developed

afCC(A) abCC(A) b4 AH (eV) AH (eV) Eq(eV) Bgye(GPa)
(bce in fee) (fec in bee)
Expt./DFT 3.615 3.301 1.02 0.48 - 168 (VASP)

(Cu-Nb)

Cu-bcc1 3.615 3465 1.043 1.09 0.497 -10.98 188

Cu-Nb 2015 230F 4085 143 0.436 -10.95 188

Cu-bee2 - 848 SI137 1152 © 1 0.488 -10.60 189

Gu-bees 3.018 80 1169 =100 0.501 -10.56 188

Cu-beed 3615 28581 1,225 102 0.498 -10.62 188

Ag-V 4090 3.039 1346 1.16 0.872 - -
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Modeling consideration

Kurdjumov-Sachs (KS) orientation relation

o {111}.[{110}, || interface plane
e <110>¢||<111> .. in interface plane

* In this work, extend our study to general fcc-bcc interface systems, and focus
on KS orientation interfaces in this talk.
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Vacancy formation energies in fcc change substantially at

differe-__nt fcc-bgc interl_‘aces
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Cumulative population of sites at interface
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Vacancy formation energy at interface (eV)

Cu bulk

| Ag bulk

X.-Y. Liu, R.G. Hoagland, M.J. Demkowicz, M. Nastasi, A. Misra,_i_n preparation.
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Vacancy formation energies in fcc change substantially at
different fcc-bcc interfaces

Calculation of interfacial sites fraction with E‘J; < E‘J: (bulk) - AE
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Interstitial formation energies in fcc are significantly lower
compared to bulk values at all KS interfaces
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“Interstitial loading” has effect on vacancy formation,
migration via interstitial emissions at fcc-bcc interface
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90% migration barriers probed through MD
< 0.38 eV (bulk Cu 0.69 eV)

* Mechanism similar to at Cu GBs, Bai et al, Science 327, 1631 (2010).
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Summary

« Tunable EAM potentials are developed to model general fcc-bce
interfaces with different lattice misfits from 1.043 to 1.346, to
investigate the relevance of fcc-bcc interface structure to defect
properties.

« Study of KS orientation interfaces with different misfit reveals:

a) Vacancy formation energies decrease with increasing misfit
dislocation density,

b) Interstitial formation energies are substantially below the bulk
value, and depend on the interface misfit in a complex way.

« “Interstitial loading” at fcc-bcc interface lowers vacancy formation
and migration energetics via interstitial emissions, which may bear
significance for 2-3 nm layer-thickness multi-layer structures in
irradiation environments.
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