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My expertise and areas of interest 1\\\%‘3&%&{?}?“

Interface-dominated materials explored through a range of in situ and
analytical characterization techniques coupled with atomistic simulations
« Solute stabilization and its implications for interfacial properties

« Mechanistic insights into mechanical behavior of stabilized materials
« Radiation damage mechanisms and implications for mechanical behavior
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Evidence for self-healing near grain boundaries Q\\\‘Sto.llmeﬂk
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A number of potential benefits for tungsten \\‘Sto.ﬂyBrﬂﬂk
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Nanomaterials are intrinsically unstable...
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Mitigating instabilities via ““alloying by design” Q\\w%&%gg}?k
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Thermodynamics capturing grain
boundary energetics can be used to
design stable nanocrystalline alloys

e In'W, Tiidentified as a stabilizing
element and alloys synthesized via high
energy ball milling

> Grain size of 20 — 25 nm remained stable
after annealing at 1100 °C for 1
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Enhancing the performance of W for PFMs Q\\‘%tr?igbég{g}?k

Benefits of Nanograins I{::I Stabilization E[::I Alloy Element Selection for
for Damage Tolerance
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Overarching research aim: Explore solute stabilized nanostructured tungsten alloys
for stabilization against recrystallization and improving ductility and DBTT
collectively with radiation tolerance.

1. Design alloys by combining nanostructure stability models leveraging thin film
deposition techniques for rapid alloy assessment and optimization

2. Scale chemistries to produce bulk alloys through powder metallurgy and field assisted
sintering techniques for bulk mechanical property measurements

Engineered Metallic 7
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Early Career Award Research Activities 1\\\%1;?1%12%?1{

Design, Synthesis, and Characterization of Solute-stabilized <:> Scaling to Bulk Nanostructured Tungsten Alloys and
Nanostructured Tungsten Alloys Mapping Performance for Plasma-facing Materials
Lattice Monte Carlo simulations for alloy design in binary Bulk alloy synthesis through high energy ball milling and |
{ and ternary systems using reduced activation elements { hot consolidation of mechanically alloyed powders
N
| Accelerated evaluation of nanostructured tungsten alloys Bulk mechanical testing to measure ductility, ductile-to-
using thin film synthesis and characterization ) brittle transition temperature, and fracture toughness
' N s ~
| Analysis of defect accumulation and mechanical stability Mapping the effect of ion irradiation damage on L
"| using in situ TEM experiments and atomistic simulations mechanical behavior through nanoindentation testing
A" A \
I ~ = - N
Expanded understanding of Stable nanostructured states in New structure, property, !
~---M  panostructure stabilization rungsten alloys with enhanced performance correlationsin  [4+--
L and defect accommodation ) performance for PFM applications nanostructured tungsien alloys )

Research Tasks

1. Design, synthesis, and characterization of nanostructured tungsten alloys
I.  Lattice Monte Carlo modeling for alloy design
Il.  Accelerated alloy synthesis and characterization using thin film techniques

2. Analysis of defect formation and mechanical stability
I.  Insituion irradiation of nanostructured tungsten alloy thin films
Il.  Nanomechanical testing on pristine and ion irradiated alloys
Ii.  Understanding mechanisms through atomistic simulations

3. Bulk nanostructured tungsten alloy synthesis and property mapping
I.  Powder metallurgy synthesis and bulk alloy consolidation
1. Structural characterization and mechanical testing

Engineered Metallic 3
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Coupled radiation effects
and mechanical behavior
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Lattice Monte Carlo Modeling for Alloy Design Q\\ %"&%ﬁi‘{?}?“

Task Aim: Nanostructure stability maps from LMC simulations for binary and ternary
tungsten alloys using reduced activation elements and other relevant solute additions
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General approach (demonstrated for Al Alloys) Q\\\S""my Brook
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Accelerated Alloy Synthesis and Characterization Q\\\%t&%}égfgfk

Task Aim: Verification of alloy stability against grain growth and recrystallization at
temperatures up to 1500 °C in the systems identified from LMC simulations.

— e ") sample Preparation

e Films deposited to ~20 nm thick
onto 13 mm diameter NaCl

e ~3 mm squares for TEM samples

AJA Sputtering Tool
University of Alabama

In situ annealing:
« Gatan heating holder in the Philips
CM-30 300kV TEM for up to 1000 °C

» Capable of coupled ion irradiation

Ex situ annealing:

 MTI vacuum furnace for annealing up
- . to 1600 °C (107 Torr)
. e
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> Abnormal grain growth coupled to the transformation of the metastable f-

phase to BCC a-tungsten, which produced severe microstructural instabilities
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Solute stabilization of nanocrystalline tungsten Q\\N%&%ﬂg’k
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Tungsten alloy films remained
nanostructured through annealing
> Grain size of W-Ti: 14 = 18 nm

> Grain size of W-Cr: 55 =» 86 nm,
corresponding to a 56% increase
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In Situ lon Irradiation in the TEM Q\\\%t&%}égfg?k

Task Aim: Map defect density under coupled ion irradiation as a function of grain size
and grain boundary chemistry to determine its implications for alloy stability.
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Damage accumulation and GB evolution
NC-W vs. Stabilized W-Ti and W-Cr
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Radiation Effects and Mechanical Behavior Q\\\%“&%”e’éﬁ’}?k

Task Aim: Understand the coupling between radiation effects and mechanical behavior

through nanomechanical testing combined with atomistic simulations to bridge
measured properties to underlying mechanisms.
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Correlate changes in fundamental GB properties to
mechanical behavior with a focus on deformation
mechanism shifts as a function of defect state
(Example shown for nanoindentation simulations in Ni and Ni-P)

Sample Mount
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Radiation Effects and Mechanical Behavior
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A confluence of mechanisms places softening due to
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hardening from intragranular defect loop damage
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Bulk Nanostructured Tungsten Alloys Q\\\Sto.ﬂy Brook

Task Aims:

= Bulk nanostructured tungsten alloys synthesized through ball milling and hot consolidation.
= Grain growth and recrystallization stability maps as a function of composition and grain size.
= Measurement of bulk mechanical properties including yield strength, ductility, and DBTT.
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Mechanical Alloying Hot Consolidation Mechanical Testing
= Binary and ternary alloysvia = For given temperatures, = Room and elevated
high energy ball milling vary pressure and time temperature testing
= \ary media-to-powder ratio, = Compare hot pressing with (ASTM E8/E21)
milling speed and time spark plasma sintering » Fracture toughness
— Map minimum achievable — Map density, phases, and after ASTM E1820
grain size vs. impurity content grain size as a function of — Strength, ductility, rate
process variables sensitivity, and DBTT
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Design, Synthesis, and Characterization of Solute-stabilized <:> Scaling to Bulk Nanostructured Tungsten Alloys and
Nanostructured Tungsten Alloys Mapping Performance for Plasma-facing Materials
Lattice Monte Carlo simulations for alloy design in binary Bulk alloy synthesis through high energy ball milling and |
{ and ternary systems using reduced activation elements { hot consolidation of mechanically alloyed powders
N
| Accelerated evaluation of nanostructured tungsten alloys Bulk mechanical testing to measure ductility, ductile-to-
using thin film synthesis and characterization ) brittle transition temperature, and fracture toughness
' N s ~
| Analysis of defect accumulation and mechanical stability Mapping the effect of ion irradiation damage on L
"| using in situ TEM experiments and atomistic simulations mechanical behavior through nanoindentation testing
A" A \
I ~ = - N
Expanded understanding of Stable nanostructured states in New structure, property, !
~---M  panostructure stabilization rungsten alloys with enhanced performance correlationsin  [4+--
L and defect accommodation ) performance for PFM applications nanostructured tungsien alloys )

Research Tasks

1. Design, synthesis, and characterization of nanostructured tungsten alloys
I.  Lattice Monte Carlo modeling for alloy design
Il.  Accelerated alloy synthesis and characterization using thin film techniques

2. Analysis of defect formation and mechanical stability
I.  Insituion irradiation of nanostructured tungsten alloy thin films
Il.  Nanomechanical testing on pristine and ion irradiated alloys
Ii.  Understanding mechanisms through atomistic simulations

3. Bulk nanostructured tungsten alloy synthesis and property mapping
I.  Powder metallurgy synthesis and bulk alloy consolidation
1. Structural characterization and mechanical testing
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Coupled radiation effects
and mechanical behavior



	Enhancing the Performance of PFMs through Solute-stabilized Nanostructured Tungsten Alloys
	My expertise and areas of interest
	Evidence for self-healing near grain boundaries
	A number of potential benefits for tungsten
	Nanomaterials are intrinsically unstable…
	Mitigating instabilities via “alloying by design”
	Enhancing the performance of W for PFMs
	Early Career Award Research Activities
	Lattice Monte Carlo Modeling for Alloy Design
	General approach (demonstrated for Al Alloys)
	Accelerated Alloy Synthesis and Characterization
	Coupled microstructural and phase evolution
	Solute stabilization of nanocrystalline tungsten
	In Situ Ion Irradiation in the TEM
	Damage accumulation and GB evolution
	Radiation Effects and Mechanical Behavior
	Radiation Effects and Mechanical Behavior
	Bulk Nanostructured Tungsten Alloys
	Early Career Award Research Activities

