Schemas Currently Developed or Being Developed

Diffusion
« Tracer/Impurity Diffusion Data in the Literature
« Experimental Interdiffusion Data

» Phase Equilibria Data
» Partitioning Coefficients (Co alloys) Shengyen Li
* Ni-base superalloy data Shengyen Li /Questek
 Thermo Electrics (draft)
 ThermoML (NIST/TRC)

« Atom Probe Tomography (in progress)

* Polymers
« Nanomine
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Possible Workflow

CALPHAD Tool
(generates phase
equilibrium data

CES
Design Tool




Search for Data in MDCS

Materials Data Curation System

Home Data Curation

Query by Example

Refine by Template

Global Templates
DiffusionDemo
partitioningscreening

interDiffusion

User Defined Templates

Create your own templates using the
Composer and you will be able to use
them from this section.

Data Exploration

Search by Keyword

Composer

OAI-PMH Search by Keyword

Search by keyword

Enter keywords, or leave blank to 1

41 results

@ Y-FCCA1_LIQ partitioningscreening g X
AI-FCCA1_FCCL12 partitioningscreening i X
AI-FCCA1_LIQ partitioningscreening g X
Co-FCCA1_FCCL12 partitioningscreening g1 X
Cr-FCCA1_FCCL12 partitioningscreening g %
Cr-FCCA1_LIQ partitioningscreening |g_j 2
Cu-FCCA1_FCCL12 partitioningscreening g1 %
Cu-FCCA1_LIQ partitioningscreening |y X
Fe-FCCA1_FCCL12 partitioningscreening jg; X
Fe-FCCA1_LIQ partitioningscreening |y X
Hf-FCCA1_FCCL12 partitioningscreening |1 X
Hf-FCCA1_LIQ partitioningscreening gy X
Mn-FCCA1_FCCL12 partitioningscreening |g_j €
Mn-FCCA1_LIQ partitioningscreening |y i X
Mo-FCCA1_FCCL12 partitioningscreening |gj €
Mo-FCCA1_LIQ partitioningscreening |y %
Nb-FCCA1 FCCL12 pamt[omngscreemng u X
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2 60 6 8

N
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e 0
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Logout = Dashboard = Help

lata Exploration Composer

eyword OAI-PMH Search by Keyword

Search by keyword

Search for results from
QT2-Co database

QT2-CO x

22 results

& AI-FCCA1_FCCL12 pa

© AIFCCA1_LIQ partitio creening g X

© Co-FCCA1 FCCL12 partitioningscreening g X
e © Cr-FCCA1_FCCL12 partitioningscreening iy X

& Cr-FCCA1_LIQ partitioningscreening jgf X

© Fe-FCCA1_FCCL12 partitioningscreening g X

© Fe-FCCA1_LIQ partitioningscreening g X

© Hf-FCCA1_FCCL12 partitioningscreening g« X

& Mn-FCCA1_FCCL12 partitioningscreening . X

© Mn-FCCA1_LIQ partit

© Mo-FCCA1_FCCL12p

© Nb-FCCA1 FCCL12p ningscreening g3 X
Ni-FCCA1_FCCL12 partitioningscreening g1 X
Ni-FCCA1_LIQ partitioningscreening g1 X

tioningscreening g3 X

© Re-FCCA1 FCCL12 ram ioningscreening g3 X
& Ta-FCCA1_FCCL12 partit C b 4
© Ti-FCCA1_FCCL12 partit rmmgs_ ening g3 X
© Ti-FCCA1_LIQ partitioningscreening g X

© V-FCCA1_FCCL12 partitioningscreening iy X

© V-FCCA1_LIQ partitioningscreening g X

& W-FCCA1_FCCL12 partitioningscreening g X

© W-FCCA1_LIQ partitioningscreening g X

Search by keyword

Search for results at
the solidus
temperature

solidus »

19 results
AIFCCA1_LIQ partitioningscreening g} X
Cr-FCCA1_LIQ partitioningscreening i X
Cu-FCCA1_LIQ partitioningscreening g1 X
Fe-FCCA1_LIQ partitioningscreening [ X
HI-FCCA1_LIQ partitioningscreening i X
Mn-FCCA1_LIQ partitio screening (g X
Mo-FCCA1_LIQ partitioningscreening g X
Nb-FCCA1_LIQ partitic

Ni-FCCA1_LIQ pa
Pd-FCCA1_LIQ partitionir
Pt-FCCA1_LIQ partitio

Ru-FCCA1_LIQ partition

SI-FCCA1_LIQ pa
Ta-FCCA1 LIQ pa
Ti-FCCA1_LIQ partit
V-FCCA1_LIQ partitioning
W-FCCA1_LIQ pa
Zr-FCCA1 _LIQ pa
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1 1 1
) . S constituent L & phaseDescription
Materials Data Curation System E[emem : tﬂ
. ame :
uantity : @ partitioningProperty
Home Data Curation Data Exploration Composer — & thermodynamicProperties Lg partitioningComposition
Query by Example  Search by Keyword  OAI-PMH Search by Keyword —database : tunit - |
- @ thermodynamicProperties [~ @ alloyComposition & constituent
- X nit :
Al FCCA1 —LIQ —database : L @ partitioningComposition
I @ alloyComposition S conetinent tunit :
it : Ebmem : I & thermody| @ constituent
- : uantity : lement :
@ partitioningScreening & constituent y _database t:uanmy .
I-dataSource . @ constituent = ’
_ ’ lement : 8 alloyC @ thermodynamicProperties
i~ @ thermodynamicProperties lement : i
|-database uantity : ’ nit : I-database :
{- @ alloyComposition & constituent uantity : @ con - @ alloyComposition
Funit 2
- & t:
|~ @ constituent |::Iement . = temperature elef " i
= constituent
|-element A —type : ud =
quantity uantity : lve : - lement :
@ constituent - @ temperature [vaiue: & con uantity :
l-element type : “—unit : elel @ constituent
quantity - : .
| @ temporature value : - @ phaseDescription Lqud Element :
| . uantity :
- e “—unit : |hame : — @ tempe}
alue : N ritioninaP |- @ phaseDescription
nit : I @ phaseDescription B PRESOImgrTopesty —type : | name :
L - sat . a1
- @ phaseDescription -name : & partitioningComposition Hvalue : | & partitioningProperty
: it : . Le
Hname - @ partitioningProperty tunlt Lunit : @ partitioningComposition
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Le partitioningComposition “ partitionlngComposI \ P @ constituent
bunit : |:unit : T [-hame element :
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Element : lement : Lad Lstrukturbericht :
uantity : E ) - @ phaseDescription
Lstrukturbericht : antity : tﬂame :
@ phaseDescription “strukturbericht : @ partitioningProperty
name : - @ phaseDescription L @ partitioningComposition
— @ partitioningProperty lname : t“'n"
Le partitioningComposition @ constituent
’ - @ partitioningProperty
bunit : telemenl :
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Curating
Diffusion Data

Sample Information
« Sample Id,
 Owner
» Date of Experiment

End Member Material Information
* Phase name
» Crystal structure
* Phase Fraction
« Composition
* Processing

Experimental Procedures
Diffusion Annealing Conditions
Collected Data

» Spreadsheet
* Micrograph

Home Data Curation

Data Curation

§» Select Template

Q," Enter Data

Materials Data Curation System

Logout Dashboard Help

Data Exploration Composer

View Data

Data Entry

Here you can fill in the Materials Data form. Once it is completed, you can go to 'View Data' to
review what you have entered. You won't be able to reach the review page before the document
is valid according to the selected template. From the review page, you will be able to curate the
data. The 'Save Form' button allows you to save partial data that you may want to edit later. This
will only save a temporary document and won't actually curate data. All grayed elements are
optional. Thus, all elements written in black are required. The document may still be valid with
empty elements. There are no validation on empty fields if no such constraint is defined in the
template. Thus, an empty string of characters may not raise a validation error, but an empty
number will.

ki Clear Fields M Save Form 4 Download

« @ DiffusionCouple

e & Sampleld

e |d
o SampleOwner

e Date

e @ Material @

%)

e & Material @




Self Diffusion Resource
http://www.ctcms.nist.gov/~gkl/selfdiffusion.html

0@ Yahoo Search - We X /' [ Self-Diffusion % [} Materials Data Cur X ' [ Advanced Materiz/ X ' [} NoMaD Lab Meta | X ' ,\ ABINIT— Abinit X ' [ nomad-repository X C

& C | ® www.ctcms.nist.gov/~gkl/selfdiffusion.htm| * ;0

OVERVIEW  SELF-DIFFUSION  CONTACT

Self-Diffusion Data

1 2
| L lg
100794 4000802
3 ) 4 5 6 7 8 9 10
" !5-!.m\ mm Q\m 9mm mrogen 9yqon Euoﬂno aone
6341 2012182 081 120107 140067 15,2864 188204032 201797
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Method Structure Diffusion Direction Frequency Factor DO (m2/s) Activation Energy Q (k)/mole) Temperature (K) Details Reference Raw data




Method

' Experime...

. ‘Expvevrime..‘
Experime...
Experime...
First-prin...
Experime...
CALPHAD
CALPHAD
CALPHAD

CALPHAD

-12 +

14 -

-16

Structure
fcc
fcc
fcc
fcc
fcc
fcc
fcc
fcc
fcc

hep

Diffusion Direction
isotropic
isotropic
isotropic
isotropic
isotropic
isotropic
isotropic
isotropic
isotropic

L1 ¢ axis

Method: Experimental
Structure: FCC
Direction: Isotropic

Author: Lundy

Year: 1962

Frequency Factor DO (m2/s)
1.710e-04

2.200e-04

1.760e-05

1.370e-05

8.510e-04

1.000e-05; 9.00e-04*
1.080e-05

1.710e-04

8.233e-05

2.380e-05

enius Plot(s)

Linking Data

Activation Energy Q (k)/mole)

142.4
144.4
126.5
123.6
131.2

121.7; 172.8*

126.7
142.0
123.1
79.79

10 o + k%

o)
0

O1D1¢

Temperature (K)
729 - 916
673 - 883
358 - 482
515 - 770
654 - 934
515 - 916
300 - 900
300 - 900
300 - 900
300 - 900

Details

26Al. Diffusion coup...
26Al. Dried-on from...
Al. Void shrinkage (...
Al. NMR. SLRT (27A...
DFT (PBEsol) + qua...
Al. NMR. SLRT (27A...
Diffusion mobility m...

Based on ne..

Reference

T.S. Lundy. J.F. Mug?.

M. Beyeler. Y. Adda...
T.E. Volin. R.W. Ball...

R. Messer et al.: Pr...

S.-L. Shang et al.: ...

S. Dais. R. Messer. ...

Y.W.Cuietal.:J). P..

A. Engtrom. ). Agre...

No details available

Estimation using th...

L. Zhang. Y. Du: NL..

Y.W. Cuietal.:J. P..

D = D() CXp(ﬁ)

MDCS

not available
not available
not available
not available
not available

not available

o



.
https://mdcsl.nist.gov/explore/detail result keyword?id=57f7c7ef951166227841f116

Materials Data Curation System

My Profile = Help

Home Data Curation Data Exploration Composer

Query by Example  Search by Keyword [~ ©MeasuredValues -
measurementDescription L = DataAnalysis
MeasurementNote : I_
@ arrheniusAnalysis
DiffusionAxis :
AlLundy1962.xml -
7 — & TemperatureRange
Le profile
- Stable — & UpperTemperature
& headers
[~ column : temperature .
& TracerDiffusivity - column : )
|- @ Citation column : unit :
I~ document-type : I~ column _
. L column & uncertainty
column : .
I~ & author L coumn A type :
t GivenName :
- Srows .
Surname : value :
Srow
- @ author - column () @ LowerTemperature
t GivenName : L column .
Surname : I column : temperatu re .
I~ PublicationName : [ column .
- © publication-date (- column unit :
L . I~ colk —
e c @ uncertainty
[~ volume :  column
- abstract : [~ Srow type .
~ column :
- column %) : value :
column .
i~ pages : - column ) : — & ActivationEnergy
DOl : (- column :
L URL: column EnergyValue :
-8 Materifil -— column Units :
I~ MaterialName : - &row
- ©Phase come - @ PreExponentialCoefficient
PhaseName : [~ column
@ CrystalType [~ column DO_Value :
CrystalLattice : [~ column R
I column DO_UnltS .
t~ column
— column
— S row




Diffusion Data So Far

0O (< aQ 127.0.0.1

Refine by Template Search by keyword

Qo
(2
)

+

Global Templates 4 Export
demo-simple-file-upload
demo-simple-spreadsheet Diffusion x a
DiffusionDemo

# TracerDiffusion 19 results ( Select/Unselect all)

. o @ Ni-Bakker1968.xml Tracerlmpurity-Lit s €
€ TracerDiffusivity2 @ Ni-Monma-1964.xml Tracerimpurity-Lit i ¢
¥ TracerDiffusivityMod @ Ni-Hirano-1961.xml Tracerlmpurity-Lit [} €
# TracerDiffusivityMod2 @ ner-1961.xml Tracerimpurity-Lit ) €
@ Ni-MacEwan2-1959.xml Tracerlmpurity-Lit g7 2€
Tracerlmpurity-Lit

Ni-Hoffman-1956.xml Tracerimpurity-Lit lsj €
-Reyonlds-1957.xml Tracerimpurity-Lit s €

Au-lmpurity-Al-Peterson1970.xml TracerImpurity-Lit [f €

Al-Impurity-Peterson1970.xml TracerDiffusivityMod2 [y €

CoW-1000C.xml Interdiffusion-Exo lgj €

CoW-test.xml Interdiffusion-Exo gy 2

]

Interdiffusion-Exo

2 e

4]

User Defined Templates

2 e

Test-micrograph

test @ Al-Stoebe-1965.xml Tracerimpurity-Lit s €
es @ Al-Burke-1972.xml Tracerimpurity-Lit [ €
2 SEM-Image @ Al-Volin-1968.xml TracerDiffusivityMod2 g 2%

AlFradin-1967.xml TracerDiffusivityMod |g_j %
AlLundy1962.xml TracerDiffusivityMod [y} %€
AlBeyeler1968.xml TracerDiffusivity2 [i.i €

@ Al-Messer-1974.xml TracerDiffusivityMod [ %

@ GE-DiffusionCouple-IN718-R95.xml DiffusionDemo lg.; X

2 8 8

Home ' Data Curation ' Data Exploration | Composer ! Contact Top A




Tracer/Impurity Diffusion
Literature

—(@Eo

(Material ®
(Type MaterialType

{DiffusioningSpecies
(Type DiffusingSpecies

0..00 =~ SamplePrepartion J

: ®
(TracerDiffusivity)@@- Type SamplePreparationType
o0

ExperimentaICondition5)@

p
1..00 | Measurement
(Type MeasurementType

1..00 (MeasuredValues
(Type MeasuredValuesType

DataAnalysis |®

CHIMaD —



Material Description

® [ ] MaterialType

MaterialName
Type xsd:stringJ

NominalComposition
Type CompositionTypeJ

® [ | PhaseType

(PhaseName
' (Type xsd:string

~#)o ,
CrystalType ] ®
0.0 Phase J@ .@ (Type CrystalStructure
Type PhaseType ( PhaseFraction ]

(Type PhaseFractiontType

p
PhaseComposition
~— - ®
(Type CompositionType

— “® " AlloyForm }® C HéMa D S



Material/Phase Type and Crystal Structure

® [ ] PhaseType

PhaseName
1o
Type xsd:string

CrystalType
T

ype CrystalStructure

Built-in primitive type. The string datatype represents
character strings in XML.

]@

® [ ] PhaseFractiontType

PhaseFraction o .
Type PhaseFractiontType

PhaseFractionValue
Type xsd:double

PhaseFractiontypes
Type Restriction of 'xsd:string'

® [ ] CompositionType

quantityUnit ]

ype CompositionType

PhaseComposition
_i T

Type ConstituentQuantityUnitType

Jo—@

Constituents
Type ConstituentsType

| ] CrystalStructure

@)o

CrystalLattice
Type Restriction of'xsd:string'j

SpaceGroup

Type Restriction of'xsd:string')

wyckoffSequence
Type xsd:string J

prototype
Type Restriction of'xsd:string')

pearsonSymbol
Type Restriction of'xsd:string'j

strukturbericht
Type Restriction of'xsd:string')

magneticState

Type Restriction of'xsd:string'j




Alloy Form

® [ | FormOfMaterial

singleCrystalline
Type SingleCrystaIIineTypeJ
® [ ] MaterialType

PolyCrystallineType
MaterialName @ © 4 yLry yp
S ®
Type xsd:string

0..00 averageGrainSize J

polycrystalline J 5 Type xsd:double

Type PolyCrystallineType ‘ 0. (length .
0.0 | Phase ® Type LengthUnitTypeJ

@ Type PhaseTypeJ

MaterialCrystallinity
Type FormOfMateriaIJ

AlloyProcessingType
00 AlloyForm @ _ — ®
Type PrimaryAlloyProcessingMethod

SecondaryProcessing
Type Seco ndaryAIonProcessingJ

NominalComposition
Type CompositionTypeJ

CHIMaD —



MaterialCrystallinity
Type FormOfMateriaIJ

AlloyProcessingType
Lol AlloyForm @ - e

®
Type PrimaryAIonProcessingMethodJ

SecondaryProcessing

Type SecondaryAlloyProcessing

J@

—

® [ | PrimaryAlloyProcessingMethod

/- . N
Forming

(Type Restriction of 'xsd:string" )

f - B
Casting

(Type Restriction of’xsd:string'J

(Solidification »

(Type Restriction of 'xsd:string" )

/ - a
PowderProcessing

(Type Restriction of 'xsd:string" )

r " . N\
DepositionProcessing

(Type Restriction of’xsd:string'J

fOtherMethod
(Type xsd:string

Forming )

N

/Powder Processing
« Atomization
« Ball Milling
» Sponge Iron Process
» Centrifugal Disintegration Y

Forging
Cold Rolling
Hot Rolling
Extrusion
Drawing

Milling

/Casti ng \

@olidification

Seeded
Solidification
Directional
Solidification
Zone Refining
Single Crystal
Solidification
Rapid
Solidification

Sand casting

Die casting
Investing casting
Slip casting
Continuous casting
Centrifugal casting
Vacuum arc melting/

Deposition Processing
Physical Vapor Deposition
Chemical Vapor Deposition

» Sputter Coating
Electron Beam Deposition

* lon Beam Deposition

« Plasma Spraying



® [ ] SecondaryAlloyProcessing Annealing Type
* Annealing

0..00 ThermalProcessing . .
Type ThermaIConditionsJ ° Homogenlzatlon
PowderDensification )@ * Ag] ng . .
» Recrystallization -

OtherProcessi'ng ]@ e Tem pering

Type xsd:string . Normalizing

» Stress Relieving
* Other

® [ | ThermalConditions

‘AnnealingType s ( .‘ .
Type Restriction of'xsd:string'] V restrlcts.xsd.strmg)@ /Q h T \
uenching Type

© [ Profile * |ce quench
« Water quench

ThermalProfile 1..00 [ table )
Type Profile J‘ @° @ » Brine quench
 Air cooled/quench
.@ (TemperatureCondition ]@ ° O]l quenCh
Type TemperatureType
FixedConditions )@E)C\  Furnace cooled

( TimeCondition )@ e Gas cooled
(Type TimeType ° 1 1
\ Liquid N2 Quench )
AtmosphereType
Type Atmosphereje_(v Atmosphere)@

Quenching :
O— hingT
— Type QuenchingTYpeJ V S Vpe)@ — CHémaD —




® [ ] CompactionConditions
TemperatureConditions ®
Type TemperatureType

Duration ®
o . o Type TimeType
Type CompactionConditions

— e
Environment
®
Type Atmosphere
e PowderDensification) ©] © [ CompactionConditions
TemperatureConditions ®
Type TemperatureType

Duration
;[IsostaticPressing ]l .@_ Type TimeType ®
Type CompactionConditions @
— (o

Environment ®
Type Atmosphere

CHIMaD —



I Yahoo Search - W x  [Y Self-Diffusion x [ Materials Data Cu' x * [ Advanced Materiz' X = [ NoMaD Lab Meta = x

\ ABINIT — Abinit X ' [ nomad-repository x c

& C @ https://nomad-dev.rz-berlin.mpg.de/nomadmetainfo_public/index.html#/public/number_of_basis_functions_in_basis_set_atom_centered x4

NOMAD Meta Info © © f

Search by name or description
Fe

number_of_basis_functions_in_basis_set_ato
m_centered
number_of_gaussian_basis_group_contractio
ns
number_of_gaussian_basis_group_exponents
number_of_kinds_in_basis_set_atom_centere
d

@section @~bstract Type @concrete Value

basis_set_description

section_rur

section_basis_set_atom_centered direct children:

f kinds ir

. _set_ator
-

.Dlmer\mon

Select Parent Section Select Abstract Type Select Type

number_of basis_functions_in_basis_set _atom_center

Type: Dimension

Number of different basis functions in this section_basis_set_atom_centered . This equals the number of actual
coefficents that are specified when using this basis set.

Description:

Data Type: i (integer value)
Shape: 0
.Section .Abstract Type .Concrete .Dimension Disable zoom and panning
Value
Explicit Parents
basis_set_description
ed
Direct Children
basis_set_atom_centered_short_name
basis_set_atom_centered_unique_name
basis_set_atom_centered_|s
jial_fur number_of_basis_functions_in_basis_set_atom_centered
basis_set_atom_centered_radial_functions
section_gaussian_basis_group
nt section_basis_functions_atom_centered "m C
number_of_kinds_in_basis_set_atom_centered
| —_—

basis_set_atom_number

craviaD —



