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NETL’s In-house Multi-Objective Machine Learning Effort
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Mechanical properties

» Yield strength

» Ultimate tensile strength (UTS)

» Tensile elongation

» Creep performance

» Fatigue (to be added)

Coefficient of thermal expansion (CTE)
Oxidation (ongoing)

- Hydrogen embrittlement (ongoing)
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Crucial to understand vacancy thermodynamics in alloys.
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Can be active at low temperatures and result in large vacancy
concentrations.
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Wilson et al. Assessing the high concentration of vacancies in refractory

Volume 28, May 2023, 101764.
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1. Define composition space
a) Base alloy: face-centered cubic (FCC) Ni (108 atoms) ]A3|
b) Alloying elements 22 241[25|[26 ][ 27 |[281[ 29
: . Ti Cr [[Mn|| Fe || Co || Ni || Cu
«  Major transition metals (up to 33%) yERIPE)
. Refractory metals (up to 16%) | [
/31| 74
* Minor fransition metals (up to 11%) Ta || W

2. Density functional theory (DFT) calculations in Vienna Ab initio Simulation Package (VASP)
« Various 2, 3, 4, 5-element alloys

3. Machine learning (ML) models to predict vacancy formation energy
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« FCC lattice constant using rule-of-mixtures

« 70-15-15 training-validation-testing split
« Create vacancy

« Construct graph using ALIGNN model 700 —
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0000 g 400-
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Vacancy formation energy (eV)

| - , « Otherregression models are not very efficient
ALIGNN: Choudhary and DeCost, npj Computational Materials volume 7,

Article number: 185 (2021).
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Performance by Alloy Type
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« Studied vacancy formation energy in Ni alloys systematically, which is important
to creep performance and oxidation behavior.

« Created database of vacancy formation energies for a number of Ni alloys: Al, Ti,
Cr, Mn, Fe, Co, Cu, Nb, Mo, Ta, and W,

« Cr, Nb, Ta, and Ti induced low formation energy states.

« Activation at low temperatures can result in reduced effective formation energy
values, and high vacancy concentration.

« Model the migration energy barrier in Ni alloys.
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