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1.What is Metastability Alloy Design and
Segregation Engineering ?

2.How is it done ?
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What I1s Metastability Alloy Design and Segregation Engineering

Chemo-mechanical metastability
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Plastic deformation and strength through dislocation slip
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Associated strengthening mechanisms

Athermal transformations not affine,
not commensurate -

high misfit deformation
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What I1s Metastability Alloy Design and Segregation Engineering

Chemo-mechanical metastability
of crystals

Displacive phase transformation
under load
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Confined at lattice defects using
chemical and size effects
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1.What is Metastability Alloy Design and
Segregation Engineering ?

2.How is it done ?
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Metastability Alloy Design

1.What is Metastability Alloy Design and
Segregation Engineering ?

2.How is it done ?

N

« Bulk: tune barriers & transformation driving forces

« Confinement to lattice defects
Segregation & local displacive transformation
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Metastability Alloy Design

+ metastable

AG stable

to stacking fault energy
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c, p, T (state variables)

« Bulk: tune barriers & transformation driving forces

 Confinement to lattice defects
Segregation & local displacive transformation
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Bulk'metastability FCC alloy design: tune stacking fault energy
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Inverse strength-ductility: phenomenological analysis

& true strain
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Inverse strength-ductility: phenomenological analysis
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Inverse strength-ductility: phenomenological analysis
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Inverse strength-ductility: phenomenological analysis
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Metastability and segregation design: strengthening mechanisms
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Metastability Alloy Design: strengthening mechanisms

carbon nanotube
as size reference
(same scale bar)
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Bulk-Metastability Alloy Design: Fe-22Mn-0.6C TWIP steel (wt.%)
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Bulk'Metastability Alloy Design: Fe-Mn-Al-C solid solution
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Motivation for non-equiatiomic HEAs: FeMnNiCoCr (Cantor alloy)

Not only driven by config. entropy

more Fe, less Mn
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Example: Fe-Mn-Al-C alloys — 10-18% weight reduction
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Fe-30Mn-8Al-1.2C, different annealing times at 600°C
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v/K steel Fe-30Mn-8Al-1.2C
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Weight reduced steels - ERIAOS
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v/K steel Fe-30Mn-8Al-1.2C

Dislocation pinning due to cross-slip  Dislocation wrapping Formation of slip bands

into different conjugate glide plane around k-carbides fr_om |no!|V|duaI
dislocation sources
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Fe-30Mn-8Al-1.2C, 600°C-24h ¢=15% [ 1288
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Electron Channeling
Contrast Imaging ECCI
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Enumeration of interspacing
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Fe-30Mn-8Al-1.2C, 600°C-24h ¢=15% [ 1288
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v/K steel Fe-30Mn-8Al-1.2C - BNEEE
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Metastability Alloy Design

1.What is Metastability Alloy Design and
Segregation Engineering ?

2.How is it done ?

« Bulk: tune barriers & transformation driving forces

« Confinement to lattice defects
Segregation & local displacive transformation
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Fe-9%Mn, 450°C/6h

Mn 11 at% isosurface .

Mn PO o ; '§n . 5 \I

Kuzmina et al. Science 349, 1080 (2015)



Fe-9%Mn 450°C/6h, dislocation spinodal

sub-grain 2

b 40 nm

Kwiatkowski da Silva et al. Nature Com, 9 (2018) 1137; Kuzmina et al. Science 349, 1080 (2015)
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Austenite films in Fe-9Mn-3Ni-1.4Al (wt%): reversion steels
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Metastability alloy design towards bone — like metals

Bone
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Metastability alloy design towards bone — like metals
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Theory-guided design: non-iso concentration high entropy alloys
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Theory-guided design: non-iso concentration high entropy alloys

Fe,,Mn, Co, Cr,, (FCC+HCP)
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Nanostructured bulk alloys by phase reversion: towards properties
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Grain boundaries in Fe-9Mn
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GB co-segreation in Cantor HEA - BAEE G
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Correlative Atom Probe and TEM (450°C/6h, Fe-9%Mn)

Grain boundaries and dislocations visible in both, TEM and APT

not visible in TEM line decorated
(out of contrast) no Mn by Mn
_ _ | decoration P RAD o\
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Mn 11 at% isosurface

Method: Herbig et al. PRL (2014), Kuzmina et al. Science (2015), Li et al. PRL (2014), Jiang et al. Nature (2017), Herbig et al. Ultramic. (2015), Guo et al. PRL (2014)
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9Mn-2Ni-0.15Al-1Ti-1Mo (wt.%), aged 450°C/65h
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