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Materials Genome Initiative:

The Need for Data and Informatics

Goal: decrease the cost and time-to-market by 50%
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Materials Are Complicated Hierarchical Systems

®* Advanced materials often consist of several components
(generally, n > 5) and multiple phases.

® The material properties are dependent on the microstructure.
®* The microstructures changes as a function of processing and

service conditions.
Prop@ Performang

Processing

Material A at Temp 1 Key to material design:
e What phases are present
e Composition and morphology of
the phases present

Composition & phase dependent
property data (CALPHAD)
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Examples of Types Data

» Phase-based property data: Thermodynamic quantities, diffusion mobilities,
molar volume, elastic properties, thermal conductivity, etc.

» Emphasis on binary and ternary data to predict multicomponent properties
» Data can be experimental or computational.
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Example Information Needed to Describe General Data Entry

Data

Elements present

Type of value (e.g. enthalpy, heat of formation, phase boundary, diffusivity, lattice parameter, bulk modi '
» Experimental or computational method
* Type of measurement (direct or indirect)

Number of phases present ats
Datum value and error fm

* Type (single value or series) @ e

. Unlts ﬂs‘

w"\ih
N/ Edractlon and errors ve
stal structure (this |nput will fo CN) or amorphous
* Lattice parageter % s
Temperature a a ee
Pressure and er daia “

Type of Material

* Bulk composition
* Material pur
J Sample

. Mlcrostr rmation
e Single crystal
© . ..c\grain size, dislocation density)

non-crystalline

Metadata

» Data manipulation details (if any, e.g. reference state corrections, analysis method to determine interdiffusion coefficient)
* Reporting format (raw data, digitized data, other)

» Reference (DOI or text ; one must be present)

e Additional information




Phase-Based Property Database

» Material Property Database Exist

Materials Universe

CP2ERTTE MATERIALS “MatwWweb )

AN\ Everythin PROJECT
\_A,. Materla? . AFLOWLIB.ORG
A MatNavi

Generally, focused on engineering/design specs or first-principle
calculations results.

/'« Focus on phase-based properties that are needed to
describe the composition, temperature, and
pressure functions of a phase.

»

e Unary, binary and ternary data are primary focus.

\.* Multicomponent data are needed for validation -




Example of Different Types of Data Users:

Diffusion Data
e B

Industry user just wants
to the know the
diffusion coefficient at
given temperature for a
given material.

/ D = 2.16e-15 m2/s

D= D, exp (-Q/RT)

Calphad user
who wants to
complete a new

Diffusion Coefficients
| Diffusion Couple
Composition Profiles

> — > O

assessment
Advanced
expert wants to \ Composition Profiles
understand the Raw Data (i.e Intensity vs
diffusion - Distance)
mechanism K )

Data are diverse Data are semi-structured Need complete data sets



Architectural Strategy
Java Middleware
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Informatics Approach

v Smsteriaisubstance
» ©ChemicalSubstance
» @ crystaliinesubstance
* OEngineeredMaterial
» Fiuidsubstance
» OMetal

©NanoMaterial
» ®PhysicalMixture
» ®PolymerSubstance
P Elastomer
®Themoplastic
©Themmoset
@ Radicactivematerial
@ semiconductor

v ®aioy
¥ ®Ferroushlioy
v ®steel
® alloysteel
@ carbenSteel

CALPHAD
Data

Lab Equipment
Computation

Text files

Spreadsheets

Diagrams
Articles
Databases

T-®MechanicalProcess.
* ®Detormation
©Fracturing
© MateriaiFatigue.
» ©sectioning
» @ sputening
»® TemperatureChangeFrocess
© ThermalExpansion
» ® MicrostructureEvolution
» ®Purposetulaction

¥ {PhaseChange
- ®Condensing
@ CrystallinePhaseChange
¥ @ DiftusionalPhase Transformation
¥ @ PrecipationFromsolution
@ CellularPrecipitationFromSolution
+ 3 =

@ StainlessSteel
¥ @ NonFerrousalloy

© Aluminumalioy

© Cobalthlloy

® Copperalicy

© Leadilioy

T ®LatticeDistortivePhase Transformation
v

Extract

¥ @ PurposefulAction

Ontologies
XML Schemas

Low-Level
Domain
Language

NoSQL
Databases

MongoDB, Neo4)

Section of XML Schema

L .
e o party Btoprririod
® DatabaseSearch @ AcousticProperty =—
@ DeployingAProduct ¥ ®ElectricalProperty
v ®Evaluation © ®DielectricPropeny
@ valisating @ MagneticProperty
¥ WintentionalCreation ¥ O MeasurableMechanicalProperty
» @ Designing #concentration

7 ®Development
- @ Modeing
# ®Pianning
@ Simulating
> ®Experiment
@ ExtrapolationOfData
* @ MakingAPrediction
@ Manuracturing
¥ @ MaterialProcessing
® Annealing
© ArcMetting
@ castng_MaterialProcessing
 ChannelDieCompression

® MartensiticPhasaTransformation
® QuasimartensiticPhase Tranformation
® DilationDeminantPhase Transformation
@ ShufflePhase Transformation

>

© NickelAlloy
 Tinalicy
®2ZincAlioy
- superalioy
v @ceramic
© BorideBaseaceramic
» ®Cermet
@ hirideBasedCeramic
© OxideBasedCeramic
@ PermanentMagnet
¥ ®compositematerial
® CeramicMatrixComposite
- ®Cermet
©concrete
@ metaiMatnxComposite
© Reinforceapiastic
® sandwichComposite
®FunctionalGradientMaterial
@ ThinFilm
@vacuum
¥ @OnganicMaterial

>
¥ ®Vaporization

Materials Ontology currently being developed

@ Extruding
©Forging_MaterialProcessing
O FurnaceHeating
®HeatTreating
© Hyaroformin
@ longeamsputtering
‘@ Quenchiny
@ Rolling_MaterialProcessing
» ®sectioning
@ sheetForming
©welding
» ®Measuring
© Optimization

@ Recommending
@ RefiningAConcept

Note this is a work in progress

v ®DetormationProperty
@ Compressibility
® ElasticModulus

- ®Fracturestrength
@ Hardness
© surmess
®viscosny
- ®Entropy
@ strength

¥ @ TransportProperty
S Ditrusivity
@viscosiy

® opticalPraperty

@ RadiologicalProperty
| @ ThermaiProperty
© ThermochemicalProperty
» ®MechanicalProperty
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Prototype MGI Ontology
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Jenefits from an Ontological Approach

e Semantic Unification

— The unification of lexically different representations
that have the same semantics

 Example: fcc phase in steels can be referred to as fcc,
austenite or .

 Ontology-based Data Integration

— Using ontologies to unify data that share some
common semantics but originate from unrelated
sources

e Example: Are property data from two experiments consistent
enough to be combined?

* Ontologies are not static and can grow with needs
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iew =0 it Pawer tool Yy Details
Dashboard ~ Databrowser  Console  Indexes Server info

Q + Node | + Relationship 0¥

atabase?

Returned 1 row. Query took 58ms

Relationship Start node Type End node source |
Relationship 7213 e domain e e ittp:#www.w3.0rg/2000/01/rdF-schemag#domain — Tr u e n e t W O r ke d
Relationship 4207 Hode 1196 domain Node 193 “http:ifwww w3.0rg/2000/01/rdf-schema#domain™
Relationship 4189 Hode 1180 domain Node 193 hittp:www w3.0rg/2000/01/rdf-schema#domain’ . 0
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Relationship 2391 Hode 640 domain Hoge 193 hitp:/iwww. W3.0rg/2000/0 1/rdf-schemasdomain 4

Relationship 563 %t wowngmire. «
g & C [ osansaoe

Relationship. D e

Relationship

— All apps can share the
o same representation

= e — Overcomes some of the
limitations of RDF

— Flexible visualization...

Relationship

Relationship




UML Domain Model

Sources

Prototype MGI Ontology
ThermoML

MatML

MatSeek

UnitsML

ChemML

Tools

Note:

UML (Unified Modeling Language)
Semantic Web (RDF, OWL)

This is a generalized model

depicting overall structure

UNIFIED
MODELING
LANGUAGE

S
L

Elements

Composed of

Comprizses

Type

-Metal
-Glass
-Cerarmic
-Palymer
-Elastomer
-Wood
-Biomaterial

-ion
-Material

-Multi-Component Substance

Includes Information on

Data Report

Undergoes a J'

Property
-Thermal Structure Process
-Chemical | — = I
-Biological -Lrystaliine Changes -Biological
Mechanical Has g ~Chemical
-Acoustical -Creation
-Optical -Manufacturec
-Radiclogical

Sample
eeeee by -Purity
sty Experiment
Walidated by
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ComputationalModel

Derived from
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FirstPrinciples

Citation

]




Encoding CALPHAD Data

Core CALPHAD Tabular Data (HDF5)
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e

ivity Test Schema

Data Collection: Tracer Diffus

Material Genome Initiative
(WJOEAEHEEDLIM)

Experiment
+ ExperimentType
« Choose | TracerDiffusivity [ |

Home Register Experiment Data Exploration

Enter Data View XML

» TracerDiffusivity
(WWBREEEEMR]IM)

Experiment

Data Entry e

« DiffusingSpecies

. Elarrertl A []

» MaterislPurity | a

In this step, you have to fill in the form. During the process « TraceDiffusivity
Once you have fill every field, you can view the XML o Material
» ExperimentalConditions
» MaterialName |Mg
« Phase « MeasurementConditions &)

O + Time @
0260EEOM) " Coasee + Durstion |

« SpaceGroup @

Experiment o SymbolOumber]

» ExperimentType
+ WyckoffSequence @
o Choose | TracerDiffusivity  [=] .
e sequence

. |d| » Composition

« Citation « Quantitylnit | mass fraction =]
Constituents &

* Choose Citati0n|2|
« Element | Ac [=] @
« Citation . Quanmy’—

. Citati0n| * Purity =]
. D0i| @ « Error @

+ MaterialForm @

O @@ -Chuuselm

s SingleCrystalline

WHEHEEEMm

» LUnit [ years |:_|

« Uncertainty &

» Type | amouwnt |I|

. Valug |

= Temperature Q)

. Tarrparatl.ral

« Unit | Kelvin  []

= Uncertainty &

= Typse | amdount |:_|

s Value |

» Enwironment

Privacy Policy | Te o Environment |

WWOEEEEDEIM]

Privacy Policy | Terms of Use



Snap-Shot of XML Format

XML View

This a preview of the XML which will be generated. Each modification you make in the form wall be written in this preview.

i'@c:e:-tperiment xmins:hdf5="http://hdfgroup.org/HDF5/XML/schema/HDF5-File">
S<ex perimentType>

@ <tracerDiffusiv ity=>

@ <material>

@ <materialName>
Mg
</materialName>

@ <phase>

@<name>
HCP
</name>

@ <crystalStructure>
@ <spaceGroup>

‘ <symbolOrNumber />

</spaceGroup>

@<wyckoﬁ5equence>

‘ <sequence />

</wyckoffSequence>
</crystal Structure>
</phase=

& <Composition>

@ <quantityUnit>
mass fraction
</quantityUnit>

‘ & <constituents>

e Why XML?
— Internationalization
— Flexibility
— Transformability
— Interoperability
— Longevity
— Web-Enabled
— Available Resources



XIVIL Document Storage

* MongoDB

— Schema-less, cloud-friendly
— High Performance, scalable

— Used by CERN enable
XML=BSON g BSON->XML information discovery on
Compact Muon

Solenoid data

MongoDB e Reason: “dynamic

queries, full indexes,
~eeeeeeee - ncluding inner objects

{
"_id" : ObjectId("4be97eaebcd1b30e86000003"), and embedded a rrays, as
"title" : "Ordered List", . ”
"creator_id" : ObjectId("4be97eadbcd1b30e86000001"), Wel I as auto-s h aril ng
"memberships” : [

ObjectId("4be%7eadbcdlb30e8dc0R0001"),
ObjectId("4be%7eaebcdlb3Ped6c000002")




Initial Data Set: Reference Data for Self Diffusion
Data for the Pure Elements

 Need for reference diffusion data for the pure elements
 Current process:

Digitize Data
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Future Data Informatics ~ er ity
Ce

Ontology

¢ A
{ ,If

— LANGUAGE

Semantic
Web

XML Schema

Data Capture
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Various Database Platforms S
O DD
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\ ¢ the graph database J
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Needs for the Future Data Infrastructure

Building a data infrastructure that enables
complex searches and allows for data mining
and machine learning

» Need methods to facilitate data capture

e User defined templates
e Automated capture from instruments
e Electronic laboratory notebooks?
» Community participation
* Incentives from journals and funding sources
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