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nformaton societ AFLOWLIB.ORG An Open Quantum Materials Database

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.

Unary, binary and ternary data are primary focus.

Multicomponent data are needed for validation
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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.
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Industry user just wants
to the know the
diffusion coefficient at

) given temperature for a
| i given material.
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Data are diverse Data are semi-structured
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Materials Data
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D =2.16e-15 m2/s
D=D, exp (-Q/RT)

Diffusion Coefficients
Diffusion Couple
Composition Profiles

Composition Profiles
. Raw Data (i.e Intensity vs

Distance)

Need complete data

sets
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Two Biggest Problems

* Need to collect data and organize
— Data are diverse

— Data are semi-structured

— Data are incomplete
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mechanisms for widespread adoption to ensure quality materials data and models and to foster data sharing and
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Browse

o Interatomic Potentials pastueEe * _.
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o Thematic Series on Three-Dimensional Materials Science
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Establish well-pedigreed and curated
demonstration datasets for non-proprietary
metallic structural materials data over all length
scales.

NIST's role

* Provide data schemas and meta-data formats
for diffusion and phase equilibria data.

* Provide sample diffusion and phase equilibria
data for the Al-Mg-Si system.

* Use expanded TRC Guided Data Capture
program with available binary and ternary
phase equilibria literature

* Expand use and implementation of DSpace
Repository

* Link with developing ontology and semantic
web tools

ASNN\ Everything
\__/. Material. KENT STATE ler

The Mater IS

March 2014: Phase 1 release.
June 2014: Phase 2 release.
Dec 2014: Project Completion

Informatio! S iety
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Thermodynamic Property

Property Type
Material
e Elements Sample Preparation

* Sample

Approach

* First Principles

First Principles

Calculation

* Package/method
* Potential

* Approximation

* K-points

Calculation
* Experiment

Experiment
* Method

» Calibration/Reference Material Identiﬁcation Method
* Operating Conditions

 Ambient Conditions

* Characterizing Method



(D) Sample Description
1  Sample series
Composition
Composition unit
Composition error
2 Form
Size/Dimension
Sample preparation

Mechanical history

Thermal history

o U b~ W

Sample analysis

Casting

Forming

1. Melted in high frequency furnace under argon gas
2. Casted into 8 mm diameter 200 mm length copper mold

1. Hammered to 6.5 mm diameter | Annealing

Series [ Single

0.95Al-xMg-(0.05-x)Si xMg in Table

Mass fraction [] Mole fraction

not reported

Chunk [ Foil ] Powder

03g

Casting [ Sintering ] Mechanical Alloying [ Rapid cooling
[ Rolling [ Extrusion [ Milling X Forming

Annealing

[JEPMA [JEDS [JWDS [JAES [J XRF [J Chemical

Sample Pre pa ration Atmosphere not reported

Description

Container not reported

Temperature, Time 550 °C, 5 days

Quench not reported




Facilitating Materials Ontology Development
via NLP and Machine Learning

Starting with a corpus of 5893 1 - > — 3 -
PDFs i e :
) oPUS

TIMIS o220
2011, 2012
NIST Diffusion Data Center
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redis
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______________________________________________________
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tivity method. Lattice diffusion coefficients and grain boundary diffusion coe
nts and grain boundary diffusion coefficients were measured. Plots of the data
Generate r all the alloys , the diffusion coefficients at tempe- ratures 1150 'C and hi
Concordances , were only accepted. From these coefficients , the parameters of temperature
those alloys the self-diffusion coefficients of which were also determined at
for key ting intercrystallite diffu sion coefficients , the following rel ation coeffi
stems place. Values of bulk diTfusion coefficients at temperatures below 1350 ' C

Alden Dima - 2/24/2014
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Integration Tools:
How to Gain Knowledge from Unstructured Data

* Ontologies

* Natural Language Processing

e Semantic Web/ Semantic Media Wiki




- / /

* Anontology defines concepts and the relationships between

concepts for a given community.

Purpose:

* Toshare a common understanding of the
structure of information among people or
software tools.

* To enable reuse of domain knowledge

* To make domain assumptions explicit

* Toseparate domain knowledge from the

operational knowledge

To analyze domain knowledge Ontology 101

An ontology model is dynamic. The domain knowledge changes.
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Significant Automation Possible

Ontology

Requires Human Interaction

NLP identifies the
concepts needed for

the ontology

Iterative Development Process
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Informatics Task (research):
Research Ag Alloys for CALPHAD Assessment

Informatics Task

+ CALPHAD
Assessment

* Domain-specific representation

* Tunable clustering

* Can process less structured, noisy corpora
corpora  Thematic visualization & browsing

*Term-only criteria
*Relies on pre-processed, structured




Semantic Medline (SM)

1. Whatis it?
1. SMis a semantic layer on top of PubMed PubMed
2. SM supports semantic applications of semantic search,
semantic visualization, and automatic summarization

2. Collaborators: NIH/NLM

3. How does it work?
1. Supported by DB of corpus-based semantic information
2. Uses search to access semantic-info which supports
semantic application operations

4. GOAL: Retarget SM from biomedical domain to MS domain
“Semantic Matline”




alloysl.png

alloys9.png

alloys17.png

alloys25.png

alloys33.png

alloysdl.png

alloys49.png

alloys2.png

alloys10.png

alloys18.png

alloys26.png

alloys34.png

alloys42.png

alloys50.png

alloys3.png

alloysll.png

alleysd.png

alloys12.png

-
Dy LA

- F ,.. | B
i st e Y e e Ll e P T,
nGhnUnn_DEIllalnsl\- ME\“...

Iterative Process for Ontology

alloysS.png 2lloysb.png alloys7.png alloys8.png

Evolution

alloys13.png alloysld.png alloys15.png alloyslé.png

1. Start with Existing Ontology

|chemical analysis|

ufAtom (substance))|

Nitrogen

Transition Elements Entire radius
#" "y — Silicon

[Carbide]

i

-

COXBA gene
~y — / Electric field

—
0

/
\

: "Energy, Physics”
Tungsien v : ~ [solute] Flow|
iron| Dislacations Chromidmm

Gold Cold Temperature
Potassium [Diffusion| SO

Hydrogen Bonding
Motian|




"

T,
m
=
o)
=
e
‘@
=
.

Semantic

DATA PROCESSING

* Creates a "Web of Data” that can be machined processed

* Provides a common framework that allows data to be
shared and reused across application, enterprise, and

community boundaries.

* Elements of the Semantic Web

* XML: elemental syntax for content structure within documents

— Examples (ThermoML, MatML, UnitsML)

« XML Based- Schemas : alanguage for providing and restricting the

structure and content of elements contained within XML documents.

* RDF:asimple language for expressing data models Ei
F

RDF LXMLJ



k=000 ||| i11G ki lOl |||:: L™ “a -
inking Sematic Media Wiki to D-Space
Better Searching E’m""'

Semantic
MediaWiki

Set $wglogo
to the URL Page Discussion

path to your Beginning an effort to define critical concepts

own logo

LI NS Thermodynamics using controlled natural language

Gibbs energy

Main page Enthalpy

Community portal Entropy D i ff u Si O n

Current events Heat capacity
Recent changes

Phase equilibrium
Help

— Phase transition Tracer lefUSlVlty

Experiment entering Melting Temperature

Ontology visualizer Intrinsic Diffusivity

Chemical Diffusivity

Page Discussion Search Go | | Search

Tracer Diffusivity

Tracer diffusivity is the migration of a tagged atom (i) through a material of which iis a component.
Some tracer diffusivity is measured by using migration of a dilute concentration of a radioactive isotope of the tracer atom into a homogeneous material.
Tracer diffusivity equals the self-diffusivity multiplied by a correlation factor.

Uncorrelated jump imply the correlation factor equals 1.

Reference: Kizilyalli, M., et al. (1999). "Definitions of Terms for Diffusion in the Solid State (IUPAC Recommendations 1999)." Pure Appl.Chem. 71 (7): 1307-1325.




Semantic Semi-Automated
Search Curation System Sy Reasoning

\ A’ 1l

BI

Relevant
Reference
Property Data Curation C' C Analysis Dat
Databases g 3t3
Search Curated Data ZREECEEEY

/{a

Computation

T
Data Repository

Workflow System

Reference Data Workiiow + Informatics

Experiment-—
Generate



Data Curation

Materials Data Curation System

Login My Profile Help

Home DataCuration Data Exploration
ry

Materials Data Curator

This system allows for the curation of Material Data in a
repository using predefined templates and a prototype

ontology.
gy Experimental Digital

This is being developed at the National Institute of Standards

and Technology and is made available to sollicit comments Materials Innovation
from the Material Science community. Please do not enter \ Infrastructure
any proprietary data into this system.

Available Options All Options » Most Recent Templates Browse All »

Demo Diffusion Data v2.0 | demoDiffusionData_v2.0.xsd

n»  Curate your Materials Data
»  Click here to select a form template and then fill out the Demo Light | demo.li

- corresponding form. NeW featU reS'
pemo Difiision 1der @ Abjlity to store templates

* Schema management tools
* APlinterface

* Re-written in python
* Backed by MongoDB



Data Curation: Tracer Diffusivity Test Schema

Material Genome Initiative

Experiment

¢ ExperimentType

Home Register Experiment Data Exploration

Enter Data View XML

Experiment

Data Entry e[

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

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

« MaterialName Mg

e Phase

o Name |HCP

« CrystalStructure

E « SpaceGroup @
xperiment " [,_.,_—
P o SymbolONumber[| « Unit| years ]

« ExperimentType
. — * WyckoffSequence @
« Choose | TracerDiffusivity E s
e Sequence

. |d[ « Composition

« Citation ¢ QuantityUnit | mass fraction E|
o Constituents @
 Choose CitationE
¢ Element | Ac E e

« Citation
. Quanmy[— « Unit | Kelvin [:]
. Cltatlon| cpuiy[ @
. Errur,— @

o MaterialForm @

* Choose SingleCrystaIIlneE

« SingleCrystalline

« Uncertainty @

e Uncertainty &

* Type | amount [;]

| Privacy Policy | Te

| Privacy Policy | Terms of Use 7 7|
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* Most materials data are only semi-structured

* Ontologies and the Semantic web offer
opportunities to link unstructured data and

enable knowledge creation.

Opportunities to Get Involved: (Lots of work to do)

* Share your data and tools
* https://materialsdata.nist.qov/dspace/xmlui

* http://nist.matdl.org

* Curate your data
* Participate in working groups to develop ontologies and XML

schemas
* (NIST Diffusion & CALPHAD Workshop, April 28-30, 2014 )




