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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@ Performanc§

(Cessmg
Key to material design:

Material A at Temp 1
e What phases are present
e Composition and morphology
of the phases present

=) CALPHAD




CALPHAD Approach

» Collected experimental and computational data are used to fit functions.
» Functions are used to calculate phase equilibria, including phase diagrams.

Experimental phase » Determine Gibbs energy Calculated phase
diagram and functions for each phase: diagram
thermochemical data G =f(xT,P)

Gibbs Energy
K;
:
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Combine binaries and )
ternaries to predict multi-
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Binaries m» Ternaries > Quaternaries mp> Systems

™ True quaternary compounds are rare in metallic systems
™ Assessment of ternary systems is usually sufficient for the description of a

multicomponent system

™ Same methodology can be applied to the description of other property data



Data Dependencies
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Data Flow of CALPHAD “Database” Files

Evaluated Data Files Functional Descriptions
(e.g. POP, DOP) (e.g. TDB)

Thermodynamic
Descriptions

Thermodynamic Data

Diffusion Mobility
Descriptions

Diffusion Data

Molar Volume
Descriptions

Molar Volume Data

D vw O OV ~+ 0 O

Elastic Property
Descriptions

Elastic Property Data

—
(%p)
N

Other Data




Examples of Files for a CALPHAD
Thermodynamic Assessment

Functional Description File
Thermodynamics

* Elements:e.g. A,B
e Phases: e.g. FCC_A1 and BCC_A2 “
(crystal structure)
* Reference states used
e Software/version used
e Reference info
* Bibliographic info
e DOI link

Evaluated Data Files
Thermodynamics (POP)

e Link to associated TDB file

e Elements: e.g. AB

e Phases: e.g. FCC_A1 and BCC_A2 (crystal structure)
» Software/version used (e.g. TC-PARROT, ver S)

e Reference info for data

* Bibliographic info
e DOI link

e Author info

* Name

¢ Reference info
* Bibliographic info
e DOl link

e Contributor info

* Name
¢ E-mail

e User Comments
¢ Links to other files

e Contributor info
e Name

e User Comments
e Links to other files

Note: Thermo-Calc based file extensions used, but
information on file types should also be included

« E-mail )

|

Link to POP and/or TDB
Elements

Phases

Reference info

Author

User

Links to other files

Auxiliary Files (e.g. EXP, TCM)




Database files

Diffusion Mobility
Description

Thermodynamic .
Description

e Elements: e.g. A,B
Phases: e.g. FCC_A1 and

Software/version used
Reference info
* Bibliographic info

N

e DOl link
e  Contributor info
* Name
e E-mail
* User Comments
e Links to other files

BCC_A2 (crystal structure)

N

C—)

Note: Thermo-Calc based file extensions used, but
information on file types should also be included

EXAMPLES OF FILES FOR A CALPHAD:
DIFFUSION MOBILITY ASSESSMENT

Evaluated Data Files (e.g.DOP)

¢ Link to associated TDB file

e Elements: e.g. AB

e Phases: e.g. FCC_A1 and BCC_A2 (crystal ctructure)
e Software/version used (e.g. TC-PARROT, ver S)

e Reference info for data

¢ Bibliographic info, DOI link

e Author info

* Name
¢ Reference info
¢ Bibliographic info, DOI link
Author info
¢ Name, e-mail

User Comments

Links to other files I

MACRO/Script Files (e.g. to
run simulations , DCM)

Elements

Phases

Reference

Author

Links to other files (grid data, start values)
User comments

Auxiliary Data Files
(e.g. *.EXP)

Link to POP and/or TDB
Elements
Phases
Reference info
Author
. Links to other files
. User comments



Selecting a Repository System

e Must provide
— the ablllty to link files **es%l*  Moking it easier to find information.
— tags for properties, phases and models,
— customize metadata
— search capability
— customization with own tools
— the ability to link with other repository systems

— persistent identifiers for data

— License for data use @Eﬁeaﬁ";?n -

* Must be flexible enough to adapt to future needs
* Must be easy to use and install

@:: Dublin Coré’Metadata Initiative

doi>  The DOI’ System

Handle System®

e Systems explored

Dataverse ezé Alfresco

Netwg;_k'“
django

Free
Software




Populating the Repository

The effort required
to populate
repository must be
minimal to be
attractive for
contributions from
the community!

Tags are needed to (/
facilitate searches N s
and provide
Information about
the system and the
fille contents!

Essential Tags:

e Elements

 Reference

* Property (thermodynamics, diffusion,

..)

e Phases



Suggested Common Tags for CALPHAD; First
Principles and Atomstics

Methods

— First-Principles
— Atomistics

— CALPHAD

— Other
Property Type
—Thermodynamic
—Kinetic

—Molar Volume
—Mechanical
—Electrical
—Optical
—Magnetic
—Interface/Surface
—Other

Systems
—A-G

* Al Binaries

* Al Ternaries

* Al High Order Systems
—H-L

e State

Gas
Liquid
Other
Solid
e Bulk
* Nano
* Phases

e Software

First Principles

e VASP

e DMOL

* ABINIT

e SIESTA

o WIEN2k

e Materials Studio
e other

Different tags for
different types of
data:
Experimental data

-- CALPHAD
e Thermo-Calc
e Pandat
* FactSage
e OC
* MTData
e other

-- ATOMISTICS
e LAMMPS
e [MD
e other




Suggested Common Tags for Experiments

* Alloy Class

— Mg Alloys
e Cast Alloys
0 Mg-Al
0 Mg-Al-Mn
0 Mg-Al-Zn
O Mg-AI-RE (RE-Rare
Earth)
— Wrought Alloys
0 Mg-Al
0 Mg-Li
0 Mg-Zn
* Systems
—A-G
* Al Binaries
* Al Ternaries
Al High Order Systems
—H-L

— Q@Gas
— Liquid
— Other

— Solid (Bulk; Nano;
Phase)

Property Type
—Thermodynamic
e Enthalpy

e Activity/chemical
potential

* Heat Capacity
* Phase Equilibria
» Phase boundaries

» Transition
temperature

» Single phase defect
—Kinetic
e Diffusivities
— Tracer

— Intrinsic
— Interdiffusion

* Nucleation

—Molar Volume

* Lattice parameters

* Thermal Expansion
—Mechanical
—Electrical
— Thermal Conductivity
—Optical
—Magnetic

Interface/Surface

Corrosion

e Potential-pH (Pourbaix)
diagrams

e Polarization
measurements

e Electrochemical
measurements

* Corrosion rates

Other



Suggested Common Tags for Experiments

Experimental Methods

— Image Analysis
* Optical Metallography
e SEM
e TEM
e Atom Probe

— X-Ray Diffraction
— Dilatometry

— Calorimetry

» Differential Scanning
Calorimetry

e Solution
* Drop
e Other
— Differential Thermal
Analysis

— Electromotive Force
— Vapor pressure

e Knudsen
e QOther

— Composition Analysis

e Electron Probe
Microanalysis

e SIMS

Processing
— Casting
e Centifugal
* Die
* |nvestment
e Sand/mold
— Deformation
* Drawing
e Extrusion
* Forging
* Rolling
e Sheet
— Machining
e Abrasive
* Electrical/chemical

* Machining (i.e. Drilling,
Milling)

* Sheet/film (punching,
perforating,)

— Thermal

e Electron beam
Machining

e Laser cutting
e Plasma arc cutting

— Molding
* Blow
Calendering
e Compression
Injection
— Powder Processing
* Cold
* Hot
— Thermal
Processing
* Homogenization
* Aging
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Creative Commons 3.0 with 4 versions

http://creativecommons.org/licenses/

Attribution:
You must attribute the work in the manner specified by the
author or licensor. (Not to be used for endorsements)

4 versions of 3.0 License allows one to choose:

To share, adapt, & make commercial use of work.

To share, adapt & no commercial use of work

To share, adapt, make commercial use of work & share alike.
To share, adapt, no commercial use of work & share alike.

Share — Copy, distribute, and transmit work
Share Alike — re-distribution & re-use of licensed work under the same, similar or a compatible license.
Waiver — Any of the above conditions can be waived if you get permission from the copyright holder.
Public Domain — Where the work or any of its elements is in the public domain under applicable law, that status is in no way
affected by the license.
Other Rights — In no way are any of the following rights affected by the license:

Your fair dealing or fair use rights, or other applicable copyright exceptions and limitations;

The author's moral rights;

Rights other persons may have either in the work itself or in how the work is used, such as publicity or privacy rights.
Notice — For any reuse or distribution, you must make clear to others the license terms of this work. The best way to do this is
with a link to this web page.



http://creativecommons.org/licenses/by/3.0/
http://wiki.creativecommons.org/Public_domain
http://wiki.creativecommons.org/Frequently_Asked_Questions
http://wiki.creativecommons.org/Frequently_Asked_Questions
http://wiki.creativecommons.org/Frequently_Asked_Questions

Improving the CALPHAD Assessment Process

What if the evaluated data file (e.g. POP) is missing?
Are there new experimental or computational data?

T
.

CALPHAD File
Repository

/

JuUsWISSasse
UIISIX3 0} 3I3y)

Deposit new
assessment

/

<

|

Automated
Assessment Tools

- (eg.ESPE) Requires data search




Examples of CALPHAD Data Types

For each assessment: Evaluated data file (e.g. POP, DOP)
Functional descriptions for phase quantity (e.g. TDB)

» Emphasis on binary and ternary data to predict multicomponent properties
» Data can be experimental or computational.

/ i-D @PQ@@@SSD \ 2-D ((ILﬁn@S))
Melting Temperatures - Composntlon m...\ ] Ea }
Critical Temperatures | [ = =~
(Phase Changes) R
— Heat Capacities
Lattice Parameters : - e
e e Enthalpies of mixing e
Heat of Formations |-———=>—— 4 3‘:@
: Crystal structures
Phase fractions and Tréf;er. o y
compositions Ditfusivities Micrographs/Morphologies

\\ Activation energies/ \ 3-D Atom probe Tomography




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

SPENTED MATERIALS “MatWeb

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



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

Transform

XSLT
Reasoners

.
P —

MatML RDBMS

Tool
Formats

Other Formats

tmanually crasted)

Tool Chain

A50 editson teal chain

MLt XS0
converter

2

—— l [Ee—

cormrter
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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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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
Relationship 3992 Hode 1125 domain Node 183 “hitp:iiwww w3.0rg/2000/01/rdf-schema#domain”™ d a ta b a S e W I t h q u e r I e S’
Relationship 2722 Hode 748 domain Node 133 hitp:iiwww. w3.0rg/2000/01/rdf-schema#domain’
Relationship 2659 Hode 729 domain Node 193 “http:ifwww w3.0rg/2000/01/rdf-schema#domain™ AC I D a n d R E ST i nte rfa C e
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
Waliddated by

ComputationalModel

Derived from

Walidated by

FirstPrinciples

Citation
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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



XML View

This a preview of the XML which will be generated. Each modification you make in the form will be written in this preview. W | Iy X IVI L L]

@cexperimem xmins:hdf5="http://hdfgroup.org/HDF5/XML/schema/HDF5-File">

@

@

@

@(experim entType>
@«racerﬂiﬁusivitp

D <material>

<materialName>

Mg
</materialName>

<phase>

D<name>
HCP
</name>

& <crystal Structure>
@(spaceﬁroup)

| <symbolOrNumber />

</spaceGroup>

®<wyc koffSequence>

| <sequence />
</wyckoffSequence=
</erystal Structure>

</phase>

<Composition>

@ <quantityUnit>
mass fraction

</quantityUnit>

@<constituents>

Snap-Shot of XML Format

— 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")
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Future: Needs Community Input

 Need feedback on developing infrastructure

e Community needs to help define data standards
(XML Schemas) - Long term benefit better data
for everyone

* Willingness to share pre-competitive data and
respect for data shared by others (need to
reference contributed data) NEEARER

Want to know more: Attend the NIST Diffusion
Workshop, May 9-10 at NIST

http://www.nist.gov/mml/msed/thermodynamics kinetics/Diffusion-Workshop-Group.cfm



http://www.nist.gov/mml/msed/thermodynamics_kinetics/Diffusion-Workshop-Group.cfm
http://www.nist.gov/mml/msed/thermodynamics_kinetics/Diffusion-Workshop-Group.cfm
http://www.nist.gov/mml/msed/thermodynamics_kinetics/Diffusion-Workshop-Group.cfm
http://www.nist.gov/mml/msed/thermodynamics_kinetics/Diffusion-Workshop-Group.cfm
http://www.nist.gov/mml/msed/thermodynamics_kinetics/Diffusion-Workshop-Group.cfm
http://www.nist.gov/mml/msed/thermodynamics_kinetics/Diffusion-Workshop-Group.cfm

Extra slides on a test data schema for
tracer diffusivity



Data Collection: Tracer Diffusivity Test Schema

Material Genome Initiative WHROEEHEEN M

Experiment

* ExperimentType

. . . + Choose | TracerDiffusivity [ ]
Home Register Experiment Data Exploration

» TracerDiffusivity
Enter Data View XML

« DiffusingSpecies
(WUEBEHERER k]
Experiment . EIEITEFtl Ac II‘
Data E ntry « ExperimentType A h‘atariaIF‘l.riryl &
* Choose ’m

¢ TracerDiffusivity

In this step, you have to fill in the form. During the process

» ExperimentalConditions
Once you have fill every field, you can view the XML.

« Material » MazsurementConditions &
» MaterialName |Mg Ti &
* |ime
» Phase

= Name |HCP

. Dl.rati:-rl

= CrystalStructure Uni l—

(000898800 e = ——
Xxperimen

Uncertain
« SymbolOriumber || ' v e
» ExperimentType « Type | amdownt |I|
— + WyckoffSequence @
o Choose | TracerDiffusivity  [=] R . k-:;.ll.al
. |E|| « Composition = Temperature &
o Citation = QuantityUnit | mass fraction E|

. ° . Tarrparatl.ral
* Constituents
Choose | Citation . -
' [=] « Element [ Ac [=] @ + Unit | Kelvin [0
« Citation

= Quantity

= Uncertainty @
. Citati0n| * Purity =]
« Typs | amownt
. D0i| @ + Error @ |Z|

» Valuz |
+ MaterialForm @
O@ « Choose Smg\eCrystallmeE

« SingleCrystalline - Er-.-ir{:-rrrartl
Privacy Policy | Te| E]O @]@@
WHOEEeNEERDIM

= Environment

Privacy Policy | Terms of Use




Example Entry

Data Entry

In thiz step, you have to fill in the form. During the process you can 2ave your work in order to complete it later.

Once you have fill every field, you can view the XML

WUBEEHEEEMIM

Experiment

+ ExperimentType

. C.hucls&| TracerDiffusivity E|

« i [NIST-Mg1
« Citation

. Chuus&| Citation [ = |

« Citation

= Citation |Elrennan 3, Warren AP, Coff

. Dl:li|1I]'.'II}I]?J'5“I1EEE—I}12—I}I}I]?—2 i

WUBEEHEEERIM

[I;'I Clear all fields E Save ]

[I;l Clear all field= E Save ]




(WJOBRHEEDRIW

Experiment
= ExpenimentTyps
« Choose | TracerDiffusivity [

» Tracerlif fusivity
+ Materizl

» MaterizlName | Mg
s Fhaz=
+ Name [HCP_AZ

« CrystalStructurs
= SpaceGroup Q1

+ SymbolOrNumber | pB2/mmc

+ WyckofiSequence §

. Sequerme|

« Composition

. Quant'rryl.lnitl MIsS percent [l

« Constituents

. Elementlhlg [ @

» Quantity |99.9

« Purity [99.5

L] Errnrl ﬁ

« MaternislForm &
. E‘.hm&e| Folycrystaline [
« Pohyonystaliine

+ Averagelrainiizs | 10

 Length [ micrometer [ ]
(W(JOOREEEDL] ()

(HEDEBEEEEEE

N e |

+ Tt

EE R B

e E |

Enter the 3
temperatures
at which the
diffusivity was
measured.

S
[0 ) s 1 1




WWOREAEEDEIM

Experiment
= ExperimentTyps

+ Choose | TracerDiffusivity [
» TracerDiffusivity
« SamplePreparations

= SampleGeomsatny O
= Geometry O

+ MateriziName | Mg (bulk)

= Geometry |di5k5 10 mim diiameter;2 ma

= Geometry O

+ MaterialName |Al (thin film)

+ Geometry | 500 nm thick

» SamplePreparationProcedure & &
= ProcedursMams | Mg disk prepration .

« ProcedursDescription |: saction=d from a Mg (55.1

» SamplePreparationProcedure & &
+ ProcedureName | Al thin film

* ProcedursDescription |dE|:-nr5rl:ed from pure Al targ

» SamplePreparationProcedure & &

« ProcedureMams | Heaat Treatment

* ProcedursDescription |T|a|::E; quenched into ice wal

WLOEEEEEOAIM

WJOEEEEEEH MM

Experiment
+ ExpsrimentTyps
« Choose | TracerDiffusivity [

» TracerDiffusivity

# Wezsuremant

« Typs |Thin Film
+ Experimentaliathod
« Choose | Direct [ ]
= Diract
+ Choose [ SIMS [o]
. SINS

= Simslnstrumsant |E-amec-a IMS 3f

« PrimanyBeamSource |D I+

» Energy |10 keV

+ EnergylUnit [ kilovolts [

« Rasterirez 150

» DetectionAres |20
. Detectinn.ﬁ.real_ln'rtl min-mmeterlzl

= DataCollectionbethod | } to determine uncartinty

WHWOEEE8EEH6) M)




WWOEEEEEEMIM] + ionesmeer

Experiment
» ExperimentType - afi=

» Choose | TracerDiffusivity [ + hizeos [Toemanine

e Tracerlhffusivity

¢ Massuredizlues -ij ﬁ = MinTamperanune

« MessurementDescription |'I5. and sputter rowghening.
s Walue .ij ﬁ = Unceralnty &

» Choose [ Profile [ i

+ Profile

Table module w Ta'nu'ﬂ'.uelii.'?
| A impurity-Mg-Schn-MG M & e |

| | Browrss | * Uncersiey @
WWOEEHEODEIM) N

WHUERHEE@EIM
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