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Recent Trends in Computational Materials Science and Engineering
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Synopsis

Thanks to increases in computational power, computational materials science and engineering are one of the fastest growing
disciplines in this field. Recently, the idea of integrating already established models with different length and time scales in
order to predict materials' macroscopic properties and microstructures from materials' composition and processing conditions
has emerged. This is called Integrated Computational Materials Engineering. In addition, they have developed the idea of the
Materials Genome Initiative by including establishment of an accessible digital database and data-driven prediction approach
using data analytics and data-mining techniques, known as Materials Informatics. They aim to double the pace of developing new
innovative materials through establishing these new ideas. In this review, focusing on the above mentioned projects, recent trends
in computational material science and engineering are described by summarizing governmental reports, related reviews and
recent publications.
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Fig. 1. Multiscale modeling for ICME.
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Table 1. Model or method, required input, expected output, and typical software for ICME.

Computational Materials
Model/ Method

Inputs

Outputs

Software Examples

First principles calculation

Atomic number, atomic
arrangement

Electronic structure, elastic
tensor, free energy

VASP, Wean2k, CASTEP,
Gaussian, SIESTA,
Quantum ESPRESSO

Molecular dynamics

Interatomic potentials,
temperature and pressure
control scheme

Point defect and dislocation,
mobility, grain boundary
energy

LAMMPS, DL_POLY

Thermodynamic methods
(CALPHAD)

Free-energy data from
electronic structure,
calorimetry data, free energy
functions fit to materials
databases

Phase predominance
diagrams, phase fractions,
multicomponent phase
diagram, free energies

Pandat, Thermo-Calc,
Fact Sage, OpenCalphad,
CaTCalc

Microstructural evolution
methods
(phase-field, front tracking)

Free-energy and kinetic
databases (atom mobilities),
interface and grain boundary
energies, (anisotropic)
interface mobilities, elastic
tensor

Solidification and dendritic
structure, microstructure
during processing,
deployment, and evolution
in service

OpenPhase, MICRESS,
DSICTRA

Mesoscale structure models
(processing models)

Processing thermal and
strain history

Microstructural

characteristics (for example,
grain size, texture,

precipitate dimensions)

PrecipiCalc, JMat Pro

Part-level FEA, finite
difference, and other
continuum models

Part geometry,
manufacturing processing
parameters, component

loads, materials properties

Distribution of temperatures,
stresses and deformation,
electrical currents, magnetic
and optical behavior, etc.

ProCast, MagmaSoft,
CAPCAST, DEFORM,
LSDyna, Abaqus

Table 2. DFT databases.
Name URL Category
oQMmD™ http://ogmd.org/ database of DFT outputs
Aflow'

http://www.aflowlib.org/

database of DFT outputs

Materials Project'®

https://www.materialsproject.org/

database of DFT outputs

NIST interatomic
potentials'”

http://www.ctcms.nist.gov/potentials/

interatomic potentials

OpenKIM™" 9

https://openkim.org/

interatomic potentials
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*Principal component analisys
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Fig. 2. Informatics-driven strategy for materials design.
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