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- High Entropy Alloys: Structural Materials for Extreme Environments
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Il Research & Development Needs for High Entropy Alloys
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- The Challenge with High Entropy Alloy — A Vast Compositional Space

Design Space with Principal Element Bases The needle in the haystack problem!

. FCC strong and ductile HEAs
) BCC refractory HEAs

B HCP HEAs

B Light weight HEAs

B Precious functional HEAs

Along with high-fidelity models, there
IS a need for high-throughput, rapid
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characterization techniques for
screening potential high entropy alloy
compositions

A I
{Ef J Vb] There are n = 75 stable elements that aren’t toxic, radioactive or noble
1

gases.
— Over 219 million new CCA systems with 3 < r < 6 principal

Z. Li, A. Ludwig, A. Savan, H. Springer, & D. Raabe, Journal of Materials Research,

33(19), 3156-3169 (2018). elements.
* Miracle (2019) estimated ~592 billion new HEA bases with 3-6 By considering changes in composition, with every 10% change in
principal elements concentration giving a new CCA base, this gives 592 billion possibilities

- Prohibitively expensive & impractical to study using conventional  or 3-6 principal elements.

Inethods D. Miracle, Nat. Comm., 10: 1805 (2019)
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Il Candidate Techniques for Rapid Characterization
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- Laser Ultrasonics: A Non-Destructive Tool to Characterize Microstructure

 Ultrasonic waves are strongly affected by material
Probe beam (532 nm) to interferometer microstructure, and therefore, serve as a facile
means to probe elastic properties, phase content and

1 < HEA sample their size distributions and volume fractions
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pulse duration) b/w domains

: : . Ultrasonic attenuation = viscoelasticity/ porosity, etc.
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- Laser Ultrasonics: A Non-Destructive Tool to Characterize Microstructure

* |In situ laser-based resonant ultrasound measurements of microstructure

mediated mechanical property evolution in Copper

Frequency (kHz)

D.H. Hurley, S. J. Reese, S. K. Park, Z. Utegulov, J. R. Kennedy, and K. L. Telschow. Journal of Applied Physics 107, no. 6 (2010): 063510.
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- Laser Ultrasonics: A Non-Destructive Tool to Characterize Microstructure

* |n situ monitoring of microstructure evolution during thermal processing of
uranium-zirconium alloys using laser-generated ultrasound
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- Laser Ultrasonics: A Non-Destructive Tool to Characterize Microstructure

* |n situ monitoring of microstructure evolution during thermal processing of
uranium-zirconium alloys using laser-generated ultrasound
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A. Khanolkar, A., T. Yao, Z. Hua, C.A. Dennett, ... D.H. Hurley, Journal of Nuclear
Materials 553 (2021): 153005.
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- Outline

 Motivation

— Need for High-throughput, rapid characterization tools to screen high
entropy alloy compositions

— Develop microstructure - property relationships

* Objective
— Investigate the applicability of the laser ultrasonics technique as a high-
throughput tool for screening HEA compositions

* Approach
— Start with Binary Fe-Ni alloy system
— Demonstrate on an HEA composition
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- Fe-Ni Binary Alloy System: Calculated Phase Diagram
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B Fe-Ni Alloy Fabrication using Arc-Melting

Fe-Ni alloy after annealingat  samples machined to cylindrical

1100°C for 2 hours, and then  geometry with flat & parallel faces
naturally cooling
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Il Laser Ultrasonics Setup at INL
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Il Epicentral Ultrasonic Waveforms at Room Temperature
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Strong ultrasonic scattering from microstructural heterogeneities in Fe-30Ni and Fe-75Ni



Metallographic Examination of Grain Size Distribution

Fe-30Ni
2021/07/26 . :

Tin
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Strong ultrasonic scattering due to elastic anisotropy/ mismatch b/w grains
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Il Vetallographic Examination of Grain Size Distribution

Fe-30Ni (zoomed-in)

10:02:11 AM

2021/07/26
10:06:37_AM}

Magpnification: X150.0 - : 500.00pm

IDAHO NATIONAL LABORATORY




Scanning Electron Microscopy Images of Fe-Ni Microstructure

(a) Fe-10Ni (b) Fe-30Ni (c) Fe-75Ni
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- Electron Backscatter Diffraction Imaging of Cast Fe-30Ni
(a)

(b)

Phase Image
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Mapping Phase Transition in Fe-10Ni using In situ Laser-generated Ultrasound
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-I\/Iapping Phase Transition in Fe-10Ni using In situ Laser-generated Ultrasound
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- Outline

« Motivation

— Need for High-throughput, rapid characterization tools to screen high
entropy alloy compositions

— Develop microstructure = property relationships

* Objective
— Investigate the applicability of the laser ultrasonics technique as a high-
throughput tool for screening HEA compositions

* Approach
— Start with Binary Fe-Ni alloy system
— Demonstrate on an HEA composition
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- Demonstrate Approach on an HEA alloy (FeCrNiAICo) sample

» A computationally designed HEA with bulk composition: Fe-,-Cr,-Ni,,-Al,,-Co,

(in atomic percent) was fabricated using arc-melting process.
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S. Meher, S. Kadambi, T.M. Lillo, in preparation (2022)

B2 precipitates

BCC matrix
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- Coarsening Kinetics of Ordered B2 Precipitates
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S. Meher, S. Kadambi, T.M. Lillo, in preparation (2022)
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- Using Laser Ultrasonics to Monitor Coarsening Kinetics

Longitudinal Velocity (m/s)

Evolution of Longitudinal Velocity

6200

5700

5200

4700

20

40

60
Time (hours)

80

100

120

* Fe-Cr-Ni-Al-Co sample previously
annealed at 750°C for 256 hours

« Same sample was held at 950°C in
the optical heating stage

« Laser ultrasonic waveforms recorded
periodically while holding sample at
950°C
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- Intragranular B2 precipitates positively influence tensile strength
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Al, sCoCrFeNi hypoeutectic alloy consisting of an as-solidified FCC+B2 microstructure
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B. Gwalani, T. Torgerson, ..., R. Banerjee. "Influence of fine-scale B2 precipitation on dynamic compression and wear
properties in hypo-eutectic Al0. 5CoCrFeNi high-entropy alloy." Journal of Alloys and Compounds 853 (2021): 157126.




- Summary

 Laser-generated ultrasonics shows potential in in situ
(real-time) & non-destructively:

—Monitoring grain growth
—Phase transformation boundaries
—Coarsening kinetics
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- A Holistic Approach Towards Material Discovery
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