Al and Materials

Eric K. Lin, Jim A. Warren
Director, Material Measurement Laboratory
Director, Materials Genome Program

NIST MATERIAL
?atic&nalllnsti:]u;e c;lf : MEASUREMENT
Ut.g.nDea pro :m?e:lt of ?:co r: n?e?c?ay L A B 0 R AT 0 R Y



Materials Genome Initiative (MGI) 1.0

e Develop a Materials Innovation
Infrastructure

Computational
Tools

__  Achieve National goals in
Experimertal  Digt _ energy, security, and human
QOIS d
welfare with advanced materials

Materials Innovation
Infrastructure

e Equip the next generation
materials workforce
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From Use-Case

Common Approach to
Computational Materials
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To an Ecosystem

Repositories
0 S,
@ R
@ 0)@!7(5
<
w) ° Q
=l |

NIST Metadata NST

Enable & Enhance Exchange

Assess & Improve Quality
(repositories, disciplines, industries; standards)

(Data & Models)

NIST

New Methods and Metrologies

(data driven analysis and models)

Materials w/ Targeted Properties

MATERIAL MEASUREMENT LABORATORY




& C 0 | @ https//mgunist.gov fr o o I
i Apps Boulder favorites NIST Imported wesr NIST wer i-hiST E MNvT tp WP F U [T] MSEDShere [P CCROrgsnzationsl o webTh E2

NIST Materials Genome Initiative

Gateway to Materials Genome Information

MATERINL RESUURCE CENTERS FEDERAL MATERIALS GENOME INITIATIVE  ONLINE TOOLS  CONTACT

 Facilitating Data Science
« Standards
* Repositories
« Enabling Data Discovery
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NIST Center of Excellence:
Advanced Materials
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Materials Informatics Growth

Materials Genome
8 Initiative Launches
g 750
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® materials informatics Ematerials genome ®"machine leaming" & "materials science"
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MGI 2.0: Accelerate Progress

« MGI 1.0 provided a foundation for Al approaches
e Materials Design is full of opportunity

« Early Examples
* Improve Materials Modeling: Force Fields
» Classification of Microscopy Images

« Efficient Phase Diagram Measurements

 Enable New Materials Measurements: Strain Tensor

THE
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Improve Modeling: Force Field Determination

* Quality of materials simulation is ||Holdout Set

dependent on quality of governing
equations: force field, interatomic
potentials

(o)}

Ea
1

Frequency

O T T 1 1 T T
0.030 0.035 0.040 0.045 0.050 0.055

* Up to 50% of research time spent on
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Classification of Materials Microscopy Images
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predicted class

ML-derived and curated data sets

NST

1. select
iImage features

2: characterize 3. encode
Image features image features
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VLAD component

B. DeCost, H. Jain, A. Rollett, and E. Holm
JOM (2016). doi:10.1007/s11837-016-2226-1



A. Gilad Kusne and collaborators

Efficient Phase Diagram Measurement

« High-Throughput and Autonomous Materials Science

e Enabling Framework for Al
» Access to Materials Databases
» Access to Modeling Results and Programs

» Underpinning Scientific ‘Rules’

« Provide Al control over Experimental Systems

Combi Library for Ternary Spread Estimated Phase Map
Fe

Diffraction Patterns

Cluster
; Analysis
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A. Gilad Kusne and collaborators

Autonomous Phase Mapping (Fe-Ga-Pd)
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Strain Tensor Tomography

. Data @ each detector pixel: Neural Network
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Strain tensor would be a ML-derived quantity Matthew Connolly et al.
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Closing Thoughts

ML and Al are powerful tools to enhance
materials science and engineering

New measurement questions, e.g. what is the
uncertainty in a ML derived quantity?

* Opportunities with convergence with
advances in synthetic control and additive
manufacturing

 Need to invest in internal capabilities and
expertise
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