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Materials Design Webinar Series
• Each session runs several times to accommodate schedules

o Share the webinar series with your colleagues!

o Registration details http://www.materialsdesign.com/webinars

• We will be recording this webinar

o Watch any of our earlier webinars anytime

o We will post upcoming webinars on the webinar page

• Vote for the next webinar topic!

o Take a 2 minutes brief survey at the end of the webinar!

• Audio issues

o Log out and log back in again

o Check your audio output

o Google Chrome (most recent 2 versions) Mozilla Firefox (most recent 2 versions) Apple Safari (most recent 

2 versions) Microsoft Edge (most recent 2 versions)
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GoTo Webinar Interface – Please Ask Questions!

Access chat 

interface.
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Use the chat interface 

to ask questions.
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Microstructure of ZrO2 Corrosion Film

1 Hu et al., Micron 69, 35 (2015)
2 Starkey et al, JNM 625, 156521 (2026)

Understanding Zr corrosion important 

for HPU pickup in Zr cladding in PWR. 

1. Ab initio calculations of material 

properties

2. Phase field simulations reproduce 

experimental microstructures1 in a 

few hours (vs 360-day exp.)

3. Obtain very good agreement with 

respect to experiment2

© Materials Design 2026
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The phase-field method

Order parameters (𝜂A) are used to delineate 

different phases/grains → Phase field

Order parameters Flux

𝜂𝐴 𝜂′𝐴

𝜂𝐶

To move up length and time scales, we coarse-grain atom positions and move to a 

continuum approach where phases are represented as fields

© Materials Design 2026
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Solving the phase-field equations

 F = ∫ dV [fchemical + finterface + ⋯]

𝜕c

𝜕t
= ∇ M c, η, σ ∇

δF

δc
 

𝜕η

𝜕t
= −L∇

δF

δη

Driving forces

Update

We solve the phase-field 

equations on an adaptive mesh 

using Finite Elements in 2D or 3D:

Implementation of the

Cahn-Hilliard & Allen-Cahn equations

The energy becomes a functional of the order 

parameters 𝜂, concentration 𝑐, stress 𝜎, etc.

© Materials Design 2026



11

Predicting microstructures evolution

Interfaces Free energy Diffusion (bulk & GB) Elastic energy  

 F = ∫ dV [fchemical + finterface + felastic]

𝜕c

𝜕t
= ∇ M c, η, σ ∇

δF

δc
 

𝜕η

𝜕t
= −L∇

δF

δη

Phase-field equations

• Cracking

• Nucleation

• Reactions

• Temperature

© Materials Design 2026
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Building atomic microstructures

© Materials Design 2026

1) Generate atomic microstructures via “Seed & Growth” algorithm:

• Define seed points where “crystal growth” initiates.

• Grow crystals from seed point until other grains are met.

• Constrain interatomic distance or phase stoichiometry.

2) Populate existing microstructure definition with atoms



14

The MedeA Microstructure Builder

Select components:

• Phases and number of grains

• Growth speed (via weight)

• Voids (empty space)

• GB interstitial atoms

Set growth parameters:

• Stoichiometric growth

• Interatomic distances at GB

Advanced settings:

• Seed point coordinates

• Grain rotations (Euler or hkl)

• Interatomic distance thresholds

• Columnar & slab geometries

Output options:

• Analysis of grains & interfaces

Green: New feature in MedeA 3.12

8 nm

© Materials Design 2026

A slab microstructure of ZrO2 

grains on top of 𝛼-Zr grains
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Demonstration in MedeA

© Materials Design 2026
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Atomic microstructures to compute interface energies

© Materials Design 2026

Can we calculate average interface energies in -Zr/h-ZrO system?

1) Build several polycrystalline models (-Zr, h-ZrO, mixed)

2) Relax structures using MD simulations (NPT) followed by atomic relaxations 

3) Interface energy = 
𝐸𝑛𝑒𝑟𝑔𝑦 𝑔𝑟𝑎𝑖𝑛𝑠 −𝐸𝑛𝑒𝑟𝑔𝑦 𝑏𝑢𝑙𝑘

𝐼𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎

-Zr and h-ZrO ( = 1.39 J/m2)-Zr ( = 0.50 J/m2) h-ZrO ( = 1.80 J/m2)

DFT, 8 CSL GBs

 = 0.51 J/m2

Plowman and Race, JNM 568, 153853 (2022)
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H grain boundary diffusion in Zr

© Materials Design 2026

Polycrystalline model of Zr with atoms in GBs

can be built directly in the Microstructure Builder

H diffusion as function of T in polycrystalline 

or single crystal model

1) Build 2 models:

1) Polycrystalline

2) Single crystal – no GBs

2) Populate with H and compute diffusion coefficient

3) Diffusion of H is enhanced when GBs are present

Faster diffusion in polycrystal than in single crystal
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New capabilities

© Materials Design 2026

1) Create microstructures from experiment or advanced 

pipelines via DREAM.3D code

2) Create atomic microstructure from phase field results

Phasefield result for Ag-Cu lamellar structure 

modeled after experiment (left) is used as input 

for atomic microstructure

DREAM.3D model TiC precipitates in bcc-Fe 

with H at the grain boundaries (top) is used to 

build atomic microstructure (bottom)
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MedeA interface builder
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Experimental grain boundary: 5 (130)/[001] in Fe

Ahmadian et al. Nat Commun 12, 6008 (2021).

How to build a model with MedeA?

© Materials Design 2026
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Grain boundary geometry

• Rotation axis

• Rotation angle 

• GB plane, normal n

• GB type, Twist, Tilt

• CSL, 

^

© Materials Design 2026

Example: 5 (130)/[001]
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Coincidence site lattice

2 tan-1(1/3) = 36.9°

Example: 5 twist grain boundary

CSL lattice site

 = reciprocal density of coincident lattice points

Σ =
𝐶𝑆𝐿 𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

𝑃𝑎𝑟𝑒𝑛𝑡 𝑐𝑟𝑦𝑠𝑡𝑎𝑙′𝑠 𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

grain 1 lattice site

grain 2 lattice site

© Materials Design 2026
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Building high-symmetry GBs

• The database files are structural templates with the irreducible part of the boundary 

structure (containing only the atomic information needed to construct boundary models 

with sizes specified by the user).  

Example: 5 twist boundary in s.c. lattice 

structure in database

View ‖ boundary normal     

1 layer on each side of the interface

user specifies

3×3×3 

View ‖ boundary normal     View    boundary normal     

View    boundary normal     

atom in grain 1

atom in grain 2

© Materials Design 2026



24

Database of high-symmetry grain boundaries

Crystal structure Atom types Number of structures Number of atoms

Simple cubic Po 28 6 to 156

Body-centered cubic V 28 12 to 156

Face-centered cubic Ni 28 6 to 312

Fluorite Ca,F 28 18 to 936

Rocksalt Na,Cl 28 12 to 624

Zincblende (Sphalerite) Zn,S 28 12 to 624

Hexagonal close-packed (ideal) Co 13 28 to 248

Wurtzite Zn,S 10 56 to 496

Nickeline Ni,As 10 56 to 496

The database contains a total of 201 grain boundaries

146 tilt boundaries and 55 twist boundaries

Models constructed from cubic structures include 3, 5, 7, 9, 11, 13 boundaries

Models constructed from hexagonal close-packed structure include 3, 5, 13 boundaries

Models constructed from Wurtzite and Nickeline structures include 5, 13 boundaries

© Materials Design 2026
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Removing short interatomic distances

• Pairs of atoms in close proximity are replaced by single atoms in the center of the original pair.

• The stoichiometry of the model can be maintained when cleaning short distances.

Initial model with bad contacts Final model without bad contacts

© Materials Design 2026
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Example: 5 (130)/[001] in Fe
Σ5 (130)/[001] in iron (Fe 4 at.%Al)

• change element from V to Fe

• change lattice parameter from V to Fe (2.866 Å)

• set cell dimensions a, b, c (repetitions of template) 

© Materials Design 2026

Ahmadian et al. Nat Commun 12, 6008 (2021).
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Demonstration in MedeA

© Materials Design 2026
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Example:CeO2 grain boundaries

Feng, B. et al. Sci Rep 6, 20288 (2016).

a) Σ9 [110]/{221}

b) Σ11 [110]/{332}

c) Σ13 [001]/{510}

d) Σ3 [110]/{111}

e) Σ5 [001]/{210}

Σ11 [110]/{332} Σ13 [001]/{510}

Σ5 [001]/{210}

Σ3 [110]/{111}

High angle annular dark field (HAADF) STEM

Σ9 [110]/{221}

a

b

c

d e

a b c

d

e

© Materials Design 2026
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Demonstration in MedeA

© Materials Design 2026
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Summary

• Grain boundaries and microstructure are critical in determining many 

properties of materials. 

• Microstructure models and phase field simulations form a bridge 

from the atomistic to the engineering scale.

• Generation of atomistic models of interfaces and complex 

microstructures has become easier – thanks to the MedeA high 

symmetry grain boundary database and the Microstructure Builder.

Datasheets:

1. Microstructure Builder

2. Interface Builder

3. Phase Field

Acknowledgements:

• Development: Pierre Caradec, Benoit Leblanc, Jason Aubry

© Materials Design 2026

https://www.materialsdesign.com/datasheet/microstructurebuilder
https://www.materialsdesign.com/datasheet/microstructurebuilder
https://www.materialsdesign.com/datasheet/interfacebuilder
https://www.materialsdesign.com/datasheet/interfacebuilder
https://www.materialsdesign.com/datasheet/phasefield
https://www.materialsdesign.com/datasheet/phasefield
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Overview

1. Motivation

2. Building high-symmetry grain boundaries

3. Building complex microstructures

4. Real-world scientific applications

© Materials Design 2026
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Datasheets, Tutorials, Documentation

© Materials Design 2025
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Highlighted MedeA Modules

© Materials Design 2026

MedeA Environment:  The MedeA software package is the leading environment for the atomistic 
simulation of materials. MedeA enables professional, day-to-day deployment of atomic-scale and nano-
scale computations for materials engineering, materials optimization and materials discovery. In MedeA, 
world-class simulation engines are integrated with elaborate property prediction modules, experimental 
databases, structure builders and analysis tools, all in one user-friendly environment.

MedeA Interface Builder: Creates interfaces and grain boundaries using two different methods. The 
user can construct a high-symmetry Coincidence-Site Lattice (CSL) grain boundary by customizing 
template models. In addition, general interface models can be built from two surfaces, allowing for a 
certain degree of lattice mismatch between the layers. There is no restriction on the surface cells that 
you start with, they can be as complex or simple as needed.

The MedeA Microstructure Builder: creates microstructure models for atomistic simulations using 
a Seed & Growth algorithm with starting points either placed randomly or at user-specified coordinates 
within a supercell. Each such point is used as an origin to grow a crystalline grain by adding atoms from 
that seed point outwards, until a grain boundary is encountered.

MedeA PhaseField: Modeling the evolution of microstructures of metal alloys, oxides, ceramics, and 
organic materials, enabling the prediction of material properties and behaviors at scales of micrometers 
and days or years

 

Mechanical, Thermal

Plastic deformation

MT, Deformation

Diffusion, Viscosity, Thermal 
conductivity, Surface Tension

Transport

Growth, Oxidation, and Etching

Deposition, 
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Related MedeA Webinars

© Materials Design 2025

https://www.materialsdesign.com/webinars/recorded/problem-solving-in-the-golden-age-of-computational-

materials-science

https://www.materialsdesign.com/webinars/recorded/accessing-the-mesoscale-with-phase-field-modeling

https://www.materialsdesign.com/webinars/recorded/predicting-the-future-of-materials-–-with-multiscale-modeling

https://www.materialsdesign.com/webinars/recorded/from-the-femtoscale-to-the-mesoscale-and-back-an-

integrated-multiscale-approach

Problem Solving in the Golden Age of Computational Materials Science: 

https://www.materialsdesign.com/webinars/recorded/problem-solving-in-the-golden-age-of-computational-
materials-science

Accessing the Mesoscale with Phasefield Modeling

https://www.materialsdesign.com/webinars/recorded/accessing-the-mesoscale-with-phase-field-modeling

Predicting the Future of Materials – with Multiscale Modeling: 

https://www.materialsdesign.com/webinars/recorded/predicting-the-future-of-materials-–-with-multiscale-modeling

From the Femtoscale to the Mesoscale and Back: An Integrated Multiscale Approach: 
https://www.materialsdesign.com/webinars/recorded/from-the-femtoscale-to-the-mesoscale-and-back-an-
integrated-multiscale-approach

https://www.materialsdesign.com/webinars/recorded/problem-solving-in-the-golden-age-of-computational-materials-science
https://www.materialsdesign.com/webinars/recorded/problem-solving-in-the-golden-age-of-computational-materials-science
•https:/www.materialsdesign.com/webinars/recorded/accessing-the-mesoscale-with-phase-field-modeling
https://www.materialsdesign.com/webinars/recorded/predicting-the-future-of-materials-%E2%80%93-with-multiscale-modeling
https://www.materialsdesign.com/webinars/recorded/from-the-femtoscale-to-the-mesoscale-and-back-an-integrated-multiscale-approach
https://www.materialsdesign.com/webinars/recorded/from-the-femtoscale-to-the-mesoscale-and-back-an-integrated-multiscale-approach


37

Related MedeA Tutorials 

© Materials Design 2025

An Introduction to PhaseField - Tungsten Oxidation, 

Microstructure Builder

Interface Builder

Interface Construction of Al(111)/Graphene
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