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Materials Data Challenge

?
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Materials Data Challenge Pt. 2

Project A Project B Project C

Current challenge: data is siloed across projects; different researchers use different naming 
conventions; data is difficult to aggregate even within one group; metadata are scattered
How to embed knowledge along with data?
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Supporting digitization & structure of collected data

 

1. Materials Ontology
• Standardization of naming convention for information

• Indicate hierarchy and relationships of attributes 

• Capture metadata with data

• Convey derivative information

• Creating machine-interpretable digital data and human 
interpretable features

2. Data Management Framework
• Apply graph-based data structure to relevant datasets

• Explore digital connections between data generation, 
storage & use

• Explore necessary data management techniques to 
optimize management of complex materials data

Materials Ontology for Data Standardization

Ontology-Based Data Structure and Functions 

Voight, Kalidindi (2021) Mat. Lett. 
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Role of an ontology in a data workflow
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Data 
generation

Processing & 
transformation

Data 
storage

Accessing 
data

End use & 
applications

Ontology

• Experiment
• Simulation
• Literature

• Machine to 
computer

• Data 
summarization

• Standardization
• Calculation of 

variables
• …

• Database • Find and query 
relevant materials, 
properties, results

• Use and reuse data 
products



How an Ontology Relates to Data

https://www.mdpi.com/2072-4292/13/12/2426

Voight, Kalidindi (2021) Mat. Lett. c
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Beyerlein, B et al. 2022

Integration with Established Ontologies

PROV O
Provenance 

Ontology

Beyerlein, B et a. 2022 https://onlinelibrary.wiley.com/doi/full/10.1002/adem.202101176

BFO: basic 
formal ontology

PMD-Co
Platform 

MaterialDigital 
Core Ontology

Materials 
Oxidation 
Ontology

CCO: common 
core ontologies
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• Agent – Activity – Entity

• Procedure focused

• Easily capture complex 
processing steps, testing steps

Provenance Ontology

PROV-O Logic Structure
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https://www.w3.org/TR/prov-o/



Data Collected: Alloy Oxidation
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• ~40,000 data points
• 7,000 from NETL in-house testing

• 33,000 from literature

• Variety of testing 
environments: air, Ar, CO2

• Responses include mass gain 
and kp



Test Conditions & 
Environment

Oxidation Database Details: Example Attributes

Composition

Test Attributes

Element nickel (Ni)
Element chromium (Cr)
Element cobalt (Co)
Element molybdenum (Mo)
Element titanium (Ti)
Element aluminum (Al)
Element iron (Fe)
Element manganese (Mn)
Element silicon (Si)
Element carbon (C)
Element boron (B)
Element phosphorous (P)
Element copper (Cu)
Element tungsten (W)
Element nitrogen (N)
Element niobium (Nb)
Element vanadium (V)
Element sulfur (S)
Element yttrium (Y)
Element zirconium (Zr)

Alloy Information

Temperature (°C)

1000/T(K)

Atmosphere name

Pressure (atm)

O2 (%)

N2 (%)

H2O (%)

H2 (%)

CO2 (%)

CO (%)

Ar (%)

SO2 (%)

Total exposure time (h)

Number of thermal cycles

Disintegration of sample time (refractories)

Thickness of oxide

Time before protective oxide layer formed

Types of oxides formed

Phases in alloy

Mass change at end of exposure (mg/cm2)

Parabolic check (Y/N)

kp unit

kp

kp (g2/cm4/s)

kp reported or calculated?

R2 if kp calculated

Comments

…
Element tantalum (Ta)
Element lanthanum (La)
Element platinum (Pt)
Element rhenium (Re)
Element tin (Sn)

Oxide TiO2

Oxide Cr2O3

Oxide Al2O3

Oxide Gd2O3

Oxide La2O3

Oxide ZrO2

Oxide SiO2

Oxide Ta2O5

Oxide Eu2O3

Oxide Yb2O3

Oxide Dy2O3

Oxide Lu2O3

Oxide Er2O3

Oxide Ho2O3

Oxide Tb2O3

Oxide CeO2

Oxide Sm2O3

Oxide Y2O3

Oxide MgO

Composition - Oxides

Surface finish (last polishing step 
performed)

Grain size if reported

List of processing steps delimited

List of test procedure delimited

Vacuum induction melting

Vacuum arc melting

Shape of sample for testing
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• Create legend for Oxidation 
data, including attribute 
names, units, and definitions

• Assign to types and subtypes 
as a part of the attribute 
hierarchy in the ontology

First steps
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Framework of logic for defining information

Ontology Structure
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Classes
Object 

Properties

• Activity
• Process

• Measuring process
• Agent

• Organization
• Data Source

• Entity
• Object
• Value Object

• Atmosphere
• Cooling Method
• Cycle Number
• Mass Change
• …

• Data quality
• Composition values
• Testing results

Data 
Properties

• hasSampleMaterial
• hasAlloyName

• hasIdentifier
• Participant of

• Input of
• Output of

• Process
• Previous Process
• Next Process
• …

• Experiment is basis of 
data structure

• Many logical decisions 
needed when creating 
the ontology

• Importance of domain 
knowledge in ontology



• Protégé 

Ontology Creation Tools
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• MatPortal.org

• Python libraries
• RDFlib

• Owlready2



Adding individuals

Representing Testing Data in the Ontology
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Experiment_ID_1

hasSampleMaterial

hasSource
Source_1

Ox_Test_1
hasResults

Individuals Ontology

Sample_1



Adding individuals

Representing Testing Data in the Ontology
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Experiment_ID_1

hasSampleMaterial

hasSource

Ni-12Cr-3Al

Source_1

Ox_Test_1
process

Individuals Ontology

Alloy 
Designation

Entity

Material 
Designation

Material 
Related

Value Object
Sample_1

hasAlloyName

Class Structure



Adding individuals

Representing Testing Data in the Ontology
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Experiment_ID_1

hasSampleMaterial

hasSource

Ni-12Cr-3Al

Source_1

Ox_Test_1
process

Individuals Ontology

Sample_1

hasAlloyName

Ni: 85
Cr: 12
Al: 3

hasComposition

Elements

Entity

Composition

Value Object

Class Structure



Adding individuals

Representing Testing Data in the Ontology
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Experiment_ID_1

hasSampleMaterial

hasSource

process

Source_1

Processing_1

Ox_Test_1
process

Individuals Ontology

Sample_1

Next process

750 °C
process Before Processing 

Heat Treatment

Heat Treatment 
Process

Conditioning 
Process

Activity

…

Class Structure

1100 °C

After Processing 
Heat Treatment

Heat Treatment 
Process

Conditioning 
Process

Activity…



Adding individuals

Representing Testing Data in the Ontology
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Experiment_ID_1

hasSampleMaterial

hasSource
Source_1

Ox_Test_1
process

Individuals Ontology

Sample_1

Literature 
DOI

AgentData Source

hasSourceCategory

10.1007/BF00604042hasDOI

Literature

Class Structure



Adding individuals

Representing Testing Data in the Ontology

21

Experiment_ID_1

hasSampleMaterial

hasSource
Source_1

Ox_Test_1
process

Individuals Ontology

Sample_1

Class Structure

Oxidation Test

Mechanical 
Testing Process

Activity

…

Atmosphere

Value Object

Entity

Mass Change

Value Object

EntityAir

hasEnvironment

Test Results

hasMassChange



Leveraging the Ontology for Data Management

Local files

Internal Ontology + 
Database Structure

Data access & use

SPARQL 
Database
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Developing an ontology to underpin data management strategy

Benefits – Leveraging a Standard Materials Data Framework

➢ Supports consistency across teams, projects, & work into the 
future

➢ Improvement in data reuse and knowledge retention

➢ Improved digitization to support data science & machine 
learning

• First step is to work towards standardizing the language used 
to identify the attributes; build in metadata

• Provides the basis for understanding the information and 
building connections between datasets

Research data and FAIR - Research data management - 
All guides at RMIT University (libguides.com)
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https://rmit.libguides.com/researchdata
https://rmit.libguides.com/researchdata


Conclusion

✓Generated a materials data ontology for alloy oxidation data
✓Building from existing domain upper-level ontology

✓ Captures complexity of attributes, relationships and metadata; 
standardized and structured for processes
✓Able to integrate with existing ontologies

✓ Capturing domain knowledge and machine-readable information for 
ensuring knowledge transfer, supporting advanced analytics

✓ Supporting standardization and reuse of data in research
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