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Materials Discovery: Efficient Global Optimization XichLo - A Material Design Studio kinetics of B2–L21  Ordering in Ni-Co-Mn-In

Design under Uncertainty Quantification Phase Field Modeling: Electronic Materials

A Path Planning Algorithm for Functionally Graded 

Materials Design 

A Coupled Thermal and Microstructure Modeling of 

Selective Laser Melting Process

Multi-Scale Multi-Physics Modeling of Inconel 718 

during Selective Laser Melting
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Uncertainty Propagation:

1) Propagation of Uncertainty 
Considering model as a non-linear 
combination of the variables:
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2) Forward Propagation

A platform for autonomous materials discovery

Thermo-Calc Optimized Phase Diagrams vs. MCMC Optimized Phase 
Diagram with Uncertainty Band

Single Objective : Maximize Bulk Modulus 

For the class of 211/312 MAX phases 
Identify the MAX phase with 
◦ Maximum bulk modulus(K)
◦ Minimum shear modulus(G)
◦ Pareto front of materials with 

max K and min G

Features used:

◦ Electronic structure properties

◦ Chemical composition

◦ Empirical model parameters ◦
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Experiments vs. Computation

Experiments: Zhao et. al., Materials Letters 
Computations: This study
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f)

e)

The	phase	field	infrastructure

• Nucleation and growth of Cu6Sn5 and Cu3Sn interfacial IMCs 

• Random transient nucleation of IMCs at early stages

• Periodic geometry (left/right) and no-flux (top/bottom)

Start of simulation

End of simulation

Microstructure Generation
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Electrochemical response of microstructure @ 180oC
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Spinodal Decomposition in Pseudo-Ternary Nitrites TiAl(Cr)N and TiAl(Zr)N
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Thermodynamics

Nb Segregation
Segregation pattern

Segregation coefficient

Growth Structure
Size and morphology

PDAS

Gibbs Free Energy

T. Duong, 2015 

Laser Power
Scanning Speed
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Overview of the Developed Modeling Framework 
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Interface Energy: 0.1 J/m2 Interface Energy: 0.01 J/m2

planar cellular planar cellular seaweed

Investigation of the Effect of Kinetic Parameters on Growth Morphology

Functionally-Graded Material (FGM)
Characterized by a variation in 
composition or structure gradually over 
volume

Consider an FGM made via Additive 
Manufacturing

Composition changed layer by layer

Problem Motivation

RRT*                                                                           RRT*FN
Finds shortest path (optimal solution)                       Finds shortest path with less samples

No consideration of phases during cooling
Constraint: No sigma phase composition above 1%

Rapidly-Exploring Random Tree

Path planned successfully in FeNiCr space

candidate candidate candidate

Calculation of phase  
diagram

High-throughput cluster expansion

Solid  
solution

Phase selection

Ordering tendency

Chemistry
 2-step approach:

Motivation: Calculations of Ti2AlC – Cr2AlC phase diagram

Al-Bi Ti-Bi In-Ni

Ti-Ni Ni-Cu Ti-Cu

→ Established but there still room to expand

Binaries

Multi-objective : EHVI – Maximize ductility index by maximizing K and  minimizing 
G: table and bar chart representation of same data

DFT

SQS approach to
evaluate vacancy
concentration

Vacancy
annihilation

Kinetic model of  
order-disorder  
transformation

Defect excitation energy

Equilibrium vacancy concentration

Nonequilibrium vacancy concentration

Order Disorder transformation Model approach

Calculated 𝐿21 order during annealing and final quenching
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