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Significance of WG’s Focus

* Generation, curation and dissemination of CALPHAD files
(e.g. TDB, POP, etc) and CALPHAD proto data.

« CALPHAD Proto Data: Phase-base property data
(temperature, composition, and pressure dependent)

— Data are diverse
— Data semi-structured

Data and files are essential for the development of
multicomponent databases that serve as a building block for
materials design.

Basis of data tools and schemas develop are material class
independent.
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Summary of WG’s Goals

* Improve the dissemination/discovery of
CALPHAD files, including functional
descriptions, evaluated data, and
macros/scripts (eg. TDB, POP, TCM, etc)

* Improve the curation and dissemination of
CALPHAD proto data
— Developing curation tools and schemas

— Establish best practices (e.g. ThermoML 5.0 for
the curation of thermodynamic data)
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Goal: Implement Co data for
Spring Design Project

Distribution existing work Feb 2016
Assemble available experimental data in the MDCS as
possible (thermodynamics, diffusion, DFT)

— Refinement of data schemas

— Add Re to existing Co-base descriptions (Co-Al-W-Ni-Ti-Ta-V) to

Questek database (Co-C-Al-Cr-Fe-Mn-Ni-Ti-V-W)

— Deadline: End of March

Distribute available TDB/POP files (Dspace - CHiMaD only
community)

— During the design course

Demonstrate search strategy for component selection using
Granta software

— Short term Goal: Shared data schemas and implement common
search strategies in Granta and MDCS

— Long term Goal: Indexing a federated system
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Technical Requirements/Needs

Dissemination of CALPHAD files

— Ease of use (input and discovery)
— Flexible inputs
— Ability to link to additional resources (e.g files)

Curation of CALPHAD proto data requires a system able to

— Handle diverse data sets: computational and experimental,
from single data points to complex 3D atom probe data
* Need modular data schemas

— Transform data into new formats

— Combine data from multiple sources

— Find data and reuse it

— Associate metadata with data values

— Automated data curation and search (REST API)
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Solutions/Actions

* Dissemination of CALPHAD files

— Where

* NIST Dspace Repository:CALPHAD Assessments community
» Materials Data Facility
« Journals (JPED, CALPHAD -subscribers only)

— How: Need to encourage publishers to require
files and link data resources

e Curation of CALPHAD Proto data

— Evaluate available and developing tools
— Evaluate data curation schemas

— Engage the community in using developed tools
and developing needed data schemas
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Data Curation/Archival Tools

« MDCS/ThermoML (https://github.com/usnistgov/MDCS)

e Granta MI (http://www.grantadesign.com/products/mi/)
commercial

« (Citrine (http://citrination.com/)
— Focused collection
 Materials Commons

— (http://www.prisms-center.org/#/mcommons/overview)

ESPEI-V2 - pre-CALPHAD data assessment tool (Penn State)
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Evaluation of Materials Data Curation Tools
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Solutions/Actions

» Evaluation of ThermoML V5 for the
curation of thermodynamic data
(applications to metals and alloys) test in
terms of Co-base superalloys

— Test draft schema with data from
participants (computational and
experimental)

— Evaluate the how to extend or re-use parts of
ThermoML for other phase-based properties
(i.e. diffusion)
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Journal Cooperation

p
Experiment Planning

» According to statistics gathered at TRC,
11in 3 articles has a fundamental issue in
its reported data

» What is NIST doing to help repeatability
in science?

* Since 2003, TRC has collaborated with
5 journals to stem the flow of erroneous

data
o Present workflow in place since 2013

» We work with [UPAC and:
o Journal of Chemical and Engineering
Data
o Fluid Phase Equilibria
o The Journal of Chemical Thermodynamics
o International Journal of Thermophysics
o Thermochimica Acta

» Our experts review 1000 articles per
year and fix 500 issues per year

(Authors)
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Collaborations/Synergies

* |[nputs need from other working groups

— Materials Resource Registry and Repositories to
disseminate and find data (Working Group 1: MDCS,
DSpace, MRR & MDF )

— Experimental and Computational data need for
CALPHAD assessments (Working Group 2:
Experimental Data and Working Group 5: DFT)

— Ability to ease search and data re-use (Working
Group 4: NLP)

* Need for outputs: Use-Cases
— Co-base Superalloys for additive manufacturing
— Shape-memory alloys (PdTi-based)
— In-Situ Si composites/ Thermoelectrics
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Collaborations/Synergies

Others at NIST

— Informatics
» Working with ITL (Dima) to develop MDCS system
» Working with TRC to develop ThermoML
» Working NLP efforts by providing data to mine to develop terms

— Use Cases
* (Co-base superalloys
» Additive Manufacturing (Ni-base superalloys, steels, Ti6Al4V)

— DFT Bench Marking
— NIST Computational Tools
* OpenCALPHAD
* Materials Genome Toolkit
— Development of CALPHAD assessments uncertainty quantification
» Uncertainty of output (assessment)
* Uncertainty of inputs (experimental data, computational data)

» De-couple weighting of data for assessment process from the uncertainty of
assessment
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* Slides to help with discussion
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Data Flow of CALPHAD Files

Evaluated Data Files

Functional Descriptions

Thermodynamic Data

Diffusion Data

Molar Volume Data

ElasticProperty Data

Thermodynamic
Descriptions

Diffusion Mobility
Descriptions

Molar Volume
Descriptions

D
a
t
a
b
a
S
e

Elastic Property
Descriptions

Other Data




=Yambples or Flles Tora (LA PHA)L)

 harmonovnamier Acecocemaonr

Functional Description File
Thermodynamics

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

* Bibliographic info

Evaluated Data Files
Thermodynamics (POP)

e Link to associated TDB file

* Elements: e.g. A,B

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

* Reference info for data

 Bibliographic info
e DOI link

e Author info

* Name

* Reference info
* Bibliographic info
e DOI link

e Contributor info

* Name
e E-malil

e User Comments
* Links to other files

\D —

e DOI link
Contributor info t
e Auxiliary Files (e.g. EXP, TCM)
* E-mail ﬁ
e User Comments . Link to POP and/or TDB
. ) o Elements
e Links to other files «  Phases
o Reference info
. . o Author
Note: Thermo-Calc based file extensions used, but . User
~ information on file types should also be included *  Links to other files



Examples of Files for a CALPHAD:
Diffusion Mobility Assessment

Database files

Thermodynamic
Description

Diffusion Mobility
Description

* Elements: e.g.AB

* Phases: e.g. FCC_A1 and
BCC_A2 (crystal structure)
Software/version used
Reference info

Bibliographic info
DOI link

*  Contributor info
* Name
* E-mail
* User Comments

S

7

\ * Links to other files

Note: Thermo-Calc based file extensions used, but

— information on file types should also be included

—)

Evaluated Data Files (e.g.DOP)

e Link to associated TDB file

* Elements: e.g. A,B

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

* 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



https://materialsdata.nist.gov/dspace/xmlui/

Login
NIST
Material Measurement Laboratory SO N N DR i
AN « wil'e R
materialsdata.nist.gov
NIST Repositories — Community List
NIST Repositories Search NIST Repositories
The National Institute of Standards and Technology is establishing essential data exchange protocols and m
mechanisms for widespread adoption to ensure quality materials data and models and to foster data sharing and
reuse. Advanced Search
« CHiMaD Data Collections
o In-Situ Si Composites r—
=« In-Situ Si Composites (Si-Cr-Al) Al of NIST Renositori
2 0 epositories
o Polymer Nanocomposites Communities & Collections
= Data for Polymer Nanocomposites Subjects
- Precipitation Strengthened Alloys X‘:}'ﬁ;rs
« Co-base Alloys
= Shape Memory Alloys
. Computational File Repository My-Account
o Atomistic Simulations Login
o CALPHAD Assessments
o First Principles Phase Stability (FPPS) Files . . .
. Other Computational Methods Customized DSpace repository for materials
- Experimental Data Repository c .
- Diffusion Data > Enables sharing of a variety of data
o Molar Volume/Thermal Expansion Data . . . .
- Other Experimentsl Data types, including text, images, and video

o Phase Equilibria and Thermodynamic Data
o Mechanical Properties
« Elasticity Data



Login

NIST

Material Measurem

RN

materialsdata.

NIST Repositories — Experimental Data Repository — Diffusion Data — View ltem

Data Citation: Search NIST Repositories

Campbell, Carelyn; Zhao, J-C; Henry, M. F. Funding A & Award No.:
Examination of Ni-base superalloy diffusion couples containing multiphase regions unding Agency wa o
® Searc This work was supported by the Defense Advanced Research Project Agency (DARPA) under the accelerated

(2014-04-02) This ( Insertk o) ; ) h
http:/hdl.handle.net/11256/22 nsertion of Materials (AIM) Program (Grant number F33615-00-C-5215) with Dr. L. Christodoulou as the project
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Contact Email: carelyn.campbell@nist.gov All of NIS (
Comn
Primary Publication Citation: Suble Files In this ftem
H Titles
Materials Science and Engineering A 407 (2005) 135-146 Authc \\ N;'I'z':f ?:g-::(ﬂ:-ewslmutm View/Open
http://dx.dol.org/10.1016/.msea.2005.07.016 Re Iated Wo r k T“'ssfgl'g Formet: Taxt fie
Titles Description:
Related Publications by Author: Authg Experimental and simulate composition profiles for

the R88/R95 diffusion couple at 1150 C for 1000 h

Campbe! ) Dew of a diffusion mobility for Ni-base
superalloys. Acta Mater 50:775-792 DOI: http://dx.doi.org/10.1016/S1359-6454(01)00383-4 My Acct

Login \ Name: r95r88-1000h-labe ... View/Open
Campbell CE, Zhao JC, Henry MF (2004) Comparison of experimental and simulated multicomponent Ni-base ™ Size: 58.76Mb

superalloy diffusion couples. J Phase Equil Dif 25 (1):6-15. DOI: http://dx.doi.org/10.1361/105497 10417966 D.‘;:";’:‘:': TIFF image

Micrograph of R95/R88 diffusion couple after 1000
Abstract: hat1150C

Four Ni-base superalloy diffusion couples with multiphase regions were studied. The diffusion couples contained —— - - N .

. ) ) . The following license files are associated with this item:
single-phase (gamma ), two phase( gamma +MC carbide) and three-phase ( gamma + gamma prime+MC carbide)
regions. Measured average composition profiles were in good agreement with the diffusion simulation predictions.
The measured and predicted phase fraction profiles showed similar trends; however, there were some discrepancies
in the predicted position of the gamma +gamma prime + MC/ gamma +MC boundary. Phase fraction profiles and
optical metallography were used to determine the type and direction of the moving phase region boundaries.

« Creative Commons
This item appears in the following Collection(s)
« Diffusion Data

Offer licenses with
attribution 3.0

Except where otherwise noted,

@%%‘IS Universal

Related items

Showing items related by title, author, creator and subject.
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Further Studies on the Nickel-Aluminum System. |. The B-Ni2AI3 Phase Fields

Taylor, A; Doyle, N.J. (1972-01-31)

New lattice parameter and density results have been obtained for alloys in the fl-NiA1 and 6-Ni2A13 phase fields of
the nickel-aluminum system. The lattice parameter of the fl-NiAl phase (CsCl-type) falls linearly from ...

Elemental vacancy diffusion for fcc and hep structures

Angsten, Thomas; Mayeshiba, Tam; Wu, Henry; Morgan, Dane (2014-08-08)

This work demonstrates how databases of diffusion-related properties can be developed from high-throughput ab
initio calculations. The formation and migration energies for vacancies of all adequately stable pure elements ...
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Material Data Curation System (MDCS)

} N eed Materials Data Curation System
Difficult to Ho:ne Data Curation Data Exploration Composer

Combine data from multiple sources

Materials Data Curator

This system aliows for the curation of Material Data in 8

edefined templates rototype

Understand and reuse existing data .
Find associated metadata S e

Transform data into new formats

Available Options All Options » Most Recent Templates
> o bj e Ct i ves A Curate your Materials Data
> Cick hare 10 seloct a form template and than fill cut the
A comesponadng form

Facilitate collection, use, and reuse of
materials data

SMasion | cemo diffusion xsd

Provide needed informatics infrastructure to

enable High Throughput Experimentation Customers and Partners
HTE -3 THE UNIVERSITY OF
(HTE) CHIMaD B3 CHICAGS
NORTHWESTERN Arggr}pg vvvvvvv TEXAS A&M

UNIVERSITY.

https://github.com/usnistgov/IMDCS

Thermodynamics and Kinetics Group

Thermodynamics Research Center
Nanomechanical Properties Group

Office of Data and Informatics

Polymers and Complex Fluids Group

Mechanical Performance Group

Alden Dima, NIST



The MDCS Approach

Shared Templates

XSD

Jena

Written Semantic
Data Queries

XSLT
Python

Literature Transform

Digital Data

Digital Data
Computation
Simulation

Other

MongoDB v« DSpace

»  Web-based: Python/Django/MongoDB,REST API, XML-based,SPARQL queries
» Store data in XML-based templates

> Store, manage, & compose templates

» Spreadsheet input

~Alden Dima, NIST CHéMaD —



MDCS REST API

{1 swagger http://129.6. ... " *-8000/docs/apiapi-docs/ Explore

Django REST Swagger

curate Show/Hide  List Operations = Expand Operations =~ Raw
/rest/curate POST http://localhost/rest/curatePOST data title=title, schema=schemalD, content=root
explore Show/Hide  List Operations = Expand Operations =~ Raw
/rest/explore/select/all GET http://localhost/rest/explore/select/alldataformat: [xml,json]
/rest/explore/select GET http://localhost/rest/explore/selectid: string (ObjectId)schema: string (ObjectId)title: stringdataformat: [xml,json]
/rest/explore/delete GET http://localhost/rest/explore/deleteid: string (ObjectId)

/rest/explore/query-by-example

POST http://localhost/rest/explore/query-by-examplePOST data query={element:value} repositories=Local,Server1,Server2 dataformat: [xml,json]{query:{content

/rest/explore/spargl-query

POST http://localhost/rest/explore/sparql-queryPOST data query=SELECT * WHERE {?s ?p 20} dataformat=xml repositories=Local,Server1,Server2

repositories Show/Hide = List Operations = Expand Operations = Raw
/rest/repositories/select/all GET http:/localhost/rest/repositories/select/all

/rest/repositories/select

GET http://localhost/rest/repositories/select?param1=value1param2=value2URL parameters: id: string (ObjectId)name: stringprotocol: stringaddress: stringport:
integeruser: stringstatus: stringFor string fields, you can use regular expressions: /exp/

/rest/repositories/add

POST http://localhost/rest/repositories/addPOST data name=name, protocol=protocol, address=address, port=port, user=niser nasawnrd=nasawnred

Iestrepostoriesdelee s Al MDCS functions available via the

/rest/repositories/update

PUT h(tp://\oca\hosréresm'eposn(or\es/updale?\d=ID(oUpdatePUT data name=name, protocol=protocol, address=address, port=port US e rl I n.l-e r‘ face ar‘ e a l S O

password=passwor

saved_queries Show/Hide | List Operations ClVClllClbl e VIG The REST API

/rest/saved_queries/select/all GET http//localhost

/rest/saved_queries/select

GET http://localhost/rest/saved_queries/selectid: string (ObjectId)user: string template: stringquery:

The MDCS can be fully automated

/rest/saved_queries/delete GET http//localhost/rest/saved_queries/delete?id=id
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Materials Data Curation

Also see

separate
APl demo
slides

User
defined
tools

Curation of Raw Data
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glob, os
xlrd
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pprint
tkFileDialog
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el():

glob. glob( DataFiles/A
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content = asc file.read().split( ")
row_index
row
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Need: Modular Data Models

c e & $
 Data Model Definition % o Y &
: A P
— Defines the structure of data \§°o§ .
and metadata associated with & T &
the measurement or synthesis .2 > &
n = N >
28 & &
= 2 NS
o <
* Modularity % - See
. cC SN
— Via the MDCS composer = @ /\v\i’@&
—_ N
assemble modules for your g 9 L &
workflow é 2 S
. Y
— Modify as modules needed ~SA

Measurement Type

« Not a standard

— Flexible data structures Foundation:
» Shared Types

— Common reusable types

 E.g. Chemical Subst
— Domain modules g. Chemical Substance

» Physical Quantities

 E.g. Pressure

Zach Trautt, NIST



Reusable Data Types

Base Types

value
lengthType
Type xsd:double]® © D gthlyp

Length Wafer Diameter

unit (yalue )®
[ lengthType |© . ®
Type lengthUnitType waferDiameter
= ol —@e
Type lengthType

uncertainty ‘
Type uncertaintyType J M)@
(value
Mass r_\Type xsd:doubleJG> © [ lengthType
3 mastvee Jo—(@)o (unit o Grain Size (value )®
yp \Type massUnitType grainSize 5 A o
Type lengthType . m
uncertainty -
Type uncertaintyType J uncertainty |®
2l ]@ ® [ lengthType
: Type d:doubl . .
Time — Diffusion Length

(Yalue )©

unit
timeType |©® ‘ i i
B s F@ Type timeUnitTYPe]® [d'ff"m"u"gth )Q—‘ o (unit )®

Type lengthType

uncertainty J ® uncertainty |®

Type uncertaintyType

Zach Trautt, NIST
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Physical Quantities: SP811

....................

Guide for the
Use of the International

f Uni

NIST Special Publication 811 « 2008 Edition

Table 1. SI base units

[ ] lengthType

o—(&)

Base quantity

| ] massType

o—(&)

length

mass

time

electric current
thermodynamic temperature
amount of substance
luminous intensity

[ ] timeType

o—(&#)

“Zach Trautt, NIST

Crimviagw

(value
®
(Type xsd:double

funit
(Type lengthUnitType

uncertainty
Type uncertaintyTypeJ

(value
®
(Type xsd:double

4 -
unit
\Type massUnitType]

uncertainty
Type uncertaintyType J

(value
®
(Type xsd:double

(unit
\Type timeUnitType

uncertainty
Type uncertaintyTypeJ




T es

value

Modularity: Foundationa

Type xsd:double

it
valug J@ | [] thermodynamicTemperatureType IG @G runl . . ]G

Type xsd:double LType thermodynamicTemperatureUnitType

| BRanressuralyns |G @G- (unit . ]® l uncertainty . J@

LType pressureUnitType Type uncertaintyType

uncertainty
Type uncertaintyTypeJ

value value
® ®

Type xsd:double Type xsd:double

( ) unit 7 (unit

lengthType i laneAngleType |C L) O
|D o YP I Type IengthUnitType]G) |D P Ldbl |O \_)O LType planeAngIeUnitType]®
uncertainty uncertainty
® P—

Type uncertaintyType Type uncertalntyType
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Modularity: Foundational Types

grainSize
Type lengthType

diffusionLength ]

€ [Type lengthType
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waferDiameter
O—
Type lengthType

© [] lengthType

oL@

| uncertainty .'|®

7

© [ ] lengthType

oL

| uncertainty |®

7

© [] lengthType

oL@

| uncertainty i'@
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Modularity: Synthesis Example

vacuumPressure ®
- Type pressureType _—

® [ ] atmosphereType

substance
T bst T ©
1. | atmosphere ype substancelype
T t hereT ©
Ll partialPressure ®
Type pressureType

Substance Modul

©® [ ] targetType

p
1. | apparatusTemperature
\Type apparatusTemperatureType]

substance

®
1. [ target o @r Type substanceType
Type targetType .

targetSubstrateDistanceJ

Type lengthType

rlaserEnergy
(Type energyType

rlaserSpotArea
\Type areaType

| e ] Physical Quantity Typegs
~ AdD —

(Type filmThicknessType




Composing a Template in MDCS:

1

Temnlafe #1

Rempa® ©

Primary Goal:
* Reduce startup cost: time
required to create Template

Warning: Side effects include
standardization through popularity and




Examples of CALPHAD Data

> Data can be experimental or computational.

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
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‘ Crystal structures

Tracer
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Micrographs/Morphologies

k Activation energies

3-D Atom probe Tomography




Not a standard

Module not quite right?

Share it.

CHIMaD —
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THERMOBYNAMICS RESEARCH-CENTER
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* Expanding to metallicsystems
* Initialfocus on phase equilibria dataand thermochemical property data.
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