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The Perfect is the Enemy of the Good -Voltaire


Science advances one funeral at a time -Max Planck




 
NIST’s Mission 

To promote U.S. innovation 
and industrial 
competitiveness by 
advancing 
    measurement science, 
    standards, and 
    technology 
in ways that enhance 
economic security and 
improve our quality of life 
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NIST at a Glance 

Major Assets 
n ~ 2800 employees ~(50/50 technical/admin) 

n ~ 2600 associates and facilities users 

n ~ 1600 field staff in partner organizations 
(Manufacturing Extension Partnership) 

 

Major Programs 
n NIST Laboratories 

n Baldrige Performance Excellence Program 

n Hollings Manufacturing Extension Partnership 

©
R

ob
er

t R
at

he
 

©
 G

eo
ffr

ey
 W

he
el

er
 

24!



NIST Products and Services 
Measurement Research  
� ~ 2,200 publications per year 

Standard Reference Data 
� ~ 100 different types 
� ~ 6,000 units sold per year 
� ~ 226 million data downloads per year 

Standard Reference Materials 
•   ~ 1,300 products available 
•   ~ 30,000 units sold per year 

Calibration Tests 
•   ~ 18,000 tests per year 

Laboratory Accreditation 
•   ~ 800 accreditations of testing and calibration 
laboratories 
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LAG	
  FROM	
  DISCOVERY	
  TO	
  APPLICATION	
  OF	
  NEW	
  MATERIALS…	
  

Teflon 
Lithium-ion batteries 

Velcro 

Titanium production 

Polycarbonate 
Diamond-like thin films 

GaAs 

Amorphous soft magnets 

We can do better! 
After Gerd Ceder (MIT); materials information from T. W. Eagar and M. King, Technology Review 98 (2), 42 (1995). 
Catalysis information from R. Schrock et al. and R. Adzic et al. 

1940	
   1950	
   1960	
   1970	
   1980	
   1990	
   2000	
  

Core-shell electro-catalysts for 
fuel cells 

Catalysts for olefin 
metathesis 

2010	
  

Nobel Prize in 
Chemistry, 2005 
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“To	
   help	
   businesses	
   discover,	
  
develop,	
   and	
   deploy	
   new	
  
materials	
   twice	
   as	
   fast,	
   we’re	
  
launching	
   what	
   we	
   call	
   the	
  
Materials	
  Genome	
  IniGaGve.	
  	
  
The	
   invenGon	
   of	
   si l icon	
  
circuits	
   and	
   l ithium	
   ion	
  
baIeries	
   made	
   computers	
  
and	
   iPods	
   and	
   iPads	
   possible,	
  
but	
   it	
   took	
  years	
   to	
  get	
   those	
  
t e chno l o g i e s	
   f r om	
   t he	
  
drawing	
   board	
   to	
   the	
   market	
  
place.	
  	
  
We	
  can	
  do	
  it	
  faster.”	
  
-­‐President	
  Obama	
  (6/11)	
  

THE	
  MATERIALS	
  GENOME	
  INITIATIVE:	
  	
  	
  
A	
  NATIONAL	
  PRIORITY	
  

	
  
	
  



There	
  are	
  two	
  groups	
  of	
  people	
  	
  
that	
  don’t	
  like	
  the	
  name	
  
Materials	
  Genome	
  IniGaGve	
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Develop	
  a	
  Materials	
  InnovaGon	
  
Infrastructure	
  

Achieve	
  NaGonal	
  goals	
  in	
  
energy,	
  security,	
  and	
  human	
  
welfare	
  with	
  advanced	
  
materials	
  

Equip	
  the	
  next	
  generaGon	
  
materials	
  workforce	
  

Materials	
  Genome	
  Ini/a/ve	
  for	
  Global	
  Compe//veness	
  

to	
  decrease	
  ?me-­‐to-­‐market	
  by	
  50%	
  while	
  <$$	
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DESIGNING	
  MATERIALS	
  TODAY	
  

Discovery	
   Development	
  

Property	
  	
  
OpGmizaGon	
  

Systems	
  
Design	
  and	
  
IntegraGon	
  

CerGficaGon	
  
Manufacturing	
  

Deployment	
  



DESIGNING	
  NEW	
  MATERIALS	
  IN	
  THE	
  FUTURE	
  

Discovery	
   Development	
  

Property	
  	
  
OpGmizaGon	
  

Systems	
  Design	
  
and	
  IntegraGon	
  

CerGficaGon	
   Manufacturing	
   Deployment	
  



Formulating the NIST  
Role in MGI!



Data	
   Models	
  

Simula?on	
  

Experiment	
  

Quantum	
   Macro	
  Micro	
  Nano	
  

Materials	
   w/	
  Targeted	
  Proper?es	
  

Today’s	
  Approach	
  to	
  
Computa?onal	
  Materials	
  

Design	
  



SCOPE:	
  Goals	
  of	
  IniGaGve	
  at	
  NIST	
  

Goal	
  1:	
  NIST	
  establishes	
  essen$al	
  
materials	
  data	
  and	
  model	
  exchange	
  
protocols	
  

Goal	
  2:	
  NIST	
  establishes	
  the	
  means	
  to	
  
ensure	
  the	
  quality	
  of	
  materials	
  data	
  and	
  
models	
  

Goal	
  3:	
  NIST	
  establishes	
  new	
  methods,	
  
metrologies	
  and	
  capabili$es	
  necessary	
  
for	
  accelerated	
  materials	
  development.	
  	
  	
  

To	
  foster	
  widespread	
  adopGon	
  of	
  the	
  MGI	
  Paradigm	
  both	
  across	
  
and	
  within	
  the	
  mulGtude	
  of	
  materials	
  development	
  ecosystems	
  



Enable	
  &	
  Enhance	
  Exchange	
  	
  
	
  

• Develop	
  and	
  deploy	
  repositories	
  
• Develop	
  and	
  disseminate	
  materials	
  informaGcs	
  
infrastructure	
  
– Enable	
  data	
  discovery	
  through	
  tools	
  and	
  standards	
  
– Capture	
  data	
  from	
  scienGfic	
  workflows	
  and	
  archival	
  
sources	
  

– Engage	
  with	
  stakeholders	
  to	
  determine	
  needs	
  and	
  
disseminate	
  best	
  pracGces	
  	
  

•  Integrate	
  across	
  length	
  and	
  Gme	
  scale	
  
• Build	
  and	
  Test	
  infrastructure	
  through	
  Pilots	
  



Assess	
  &	
  Improve	
  Quality	
  	
  

• Validate	
  Experiments	
  and	
  Models	
  
• Verify	
  Model	
  accuracy	
  
• QuanGfy	
  Uncertainty	
  
• QuanGfy	
  SensiGvity	
  
• Define	
  Next	
  GeneraGon	
  of	
  Experiments	
  and	
  
Models	
  



New	
  Methods	
  and	
  Metrologies	
  
• Develop	
  Data	
  Driven	
  Materials	
  Science	
  	
  
•  Integrate	
  with	
  Modeling	
  ExperGse	
  
• Enable	
  Crowdsourced/Open	
  Science	
  
• Achieve	
  targets	
  in	
  Materials	
  by	
  Design/ICME	
  



Data	
  

Repositories	
  

Models	
  

Enable	
  &	
  Enhance	
  Exchange	
  	
  
(repositories,	
  disciplines,	
  industries;	
  standards)	
  

Assess	
  &	
  Improve	
  Quality	
  	
  
(Data	
  &	
  Models)	
  

New	
  Methods	
  and	
  Metrologies	
  
(data	
  driven	
  analysis	
  and	
  models)	
  

Materials	
  w/	
  Targeted	
  Proper?es	
  



Data	
  Sharing	
  is	
  Important	
  Beyond	
  MGI	
  &	
  NIST	
  

OSTP “Public Access” Memo	
  
Feb 22, 2013 

OMB “Open Data” Memo	
  
May 9, 2013 

Executive Order	
  
May 9, 2013 



Office of Data and Informatics!
Material Measurement Laboratory"
!

Robert J. Hanisch, ODI Director!



About ODI 
•  Overall goal:  establish the technical infrastructure and 

foster a culture of first-class data management for MML, 
eventually for all of NIST"

•  Near term initiatives"
•  Update Standard Reference Data collection"

•  Web-based user interfaces"
•  Application Programming Interfaces (APIs)"

•  Implement OMB/OSTP open access data policy"
•  Laboratory-wide Data Management Plans"
•  NIST-wide Enterprise Data Inventory, data.gov"

•  Build solution inventory for data management systems"
•  Storage"
•  Metadata"
•  Electronic Lab Notebooks"

•  Informatics / data analytics consulting"
•  ODI works closely with Materials Genome Initiative"



end!



Some Initial 
Partnerships and 

Modalities!



	
  	
  	
  NIST	
  Data	
  Efforts	
  

ASM	
  International:	
  Structural	
  
Data	
  Demonstration	
  	
  Project	
  
	
  
DOE/EERE	
  Kinetics	
  of	
  Cast	
  Mg	
  
Alloys	
  
	
  
Journals	
  collaboration	
  
•  IMMI	
  	
  
•  Others	
  under	
  discussion	
  

Collaborations	
  

	
  	
  	
  	
  	
  	
  

DSpace	
  

Ontologies	
  
Schemas	
  	
  

(XML	
  based)	
  
NLP	
  

Data	
  Mining	
  Tools	
  

Data	
  Analytics	
  	
  

Workflow	
  	
  
Tools	
  	
  

Semantic	
  
	
  Media	
  Wiki	
  
Meta	
  data	
  	
  
standards	
  

Bench	
  marking	
  
activities	
  (DFT)	
  

Uncertainty	
  Analysis	
  	
  



Another	
  way	
  of	
  telling	
  the	
  story	
  

•  Industry	
  needs	
  good	
  data	
  and	
  models	
  
– How	
  do	
  they	
  get	
  them?(exchange)	
  
– Can	
  they	
  trust	
  them?	
  (quality)	
  
– How	
  can	
  they	
  use	
  them	
  best	
  and	
  who	
  has	
  the	
  talent?	
  
(new	
  methods)	
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NIST Supports New  Open Collaboration 
Modalities (Move to LinkedIn, Join us!)!



Questions to Consider 
(MRS/TMS Survey)	



• Federal	
  Agencies	
  will	
  soon	
  (or	
  may	
  already)	
  require,	
  the	
  archiving	
  of	
  materials	
  science	
  and	
  
engineering	
  research	
  digital	
  data	
  generated	
  with	
  Federal	
  funding.	
  	
  	
  How	
  will	
  you	
  respond?	
  	
  What	
  
policies	
  would	
  be	
  achieve	
  the	
  greatest	
  impact?	



• What actions should stakeholders (e.g., professional societies, universities, research institutions, 
libraries, scientific publishers, industry) take to archive key digital data generated in materials science 
and engineering 	



• What	
  categories	
  of	
  materials	
  science	
  and	
  engineering	
  digital	
  data	
  would	
  be	
  best	
  maintained	
  by	
  
specific	
  stakeholders?	
  

• What role could professional societies play in the development of  standards for digital data and 
metadata for materials science and engineering?	



•  Are professional societies and peer-reviewed journal editors the most appropriate stakeholder to 
establish community practices for ensuring digital data discoverability and citation in materials 
science and engineering?	



• What quality metrics are needed (e.g., verification, validation, uncertainty quantification, etc.) to 
adequately ensure confidence in materials science and engineering data generated from both 
experiment and computation and how should these metrics be associated with the data set?	



• What additional actions can peer-reviewed journals take to ensure materials science and engineering 
publications well-describe the experimental and computational details associated with generating 
digital data that are necessary for reproducibility?	







Structural	
  Data	
  DemonstraGon	
  
Project:	
  Al6061	
  	
  

The image cannot be displayed. Your computer may not have enough memory to open the 
image, or the image may have been corrupted. Restart your computer, and then open the file 
again. If the red x still appears, you may have to delete the image and then insert it again.

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	
  implementaGon	
  of	
  DSpace	
  
Repository	
  	
  

•  Link	
  with	
  developing	
  ontology	
  and	
  semanGc	
  web	
  
tools	
  	
  

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

Goal:	
  	
  Establish	
  well-­‐pedigreed	
  and	
  curated	
  
demonstraGon	
  datasets	
  for	
  non-­‐proprietary	
  metallic	
  
structural	
  materials	
  data	
  over	
  all	
  length	
  scales.	
  	
  



NIST/DOE	
  Collabora?on	
  to	
  Collect	
  Data	
  for	
  	
  
Advanced	
  Automo?ve	
  Cast	
  Mg	
  Alloys	
  -­‐	
  Kine?cs	
  

DOE	
  Office	
  of	
  Energy	
  Efficiency	
  and	
  Renewable	
  Energy:	
  Vehicle	
  Technologies	
  Program	
  
Funding	
  Opportunity	
  	
  	
  	
  	
  (FOA)	
  Number:	
  DE-­‐FOA-­‐0000793	
  	
  

•  High-­‐Throughput	
  Study	
  of	
  Diffusion	
  and	
  Phase	
  Transforma/on	
  Kine/cs	
  of	
  Magnesium-­‐Based	
  Systems	
  
for	
  Automo/ve	
  Cast	
  Magnesium	
  Alloys:	
  J-­‐C	
  Zhao	
  and	
  A.	
  Luo,	
  The	
  Ohio	
  State	
  University	
  

•  Phase	
  Transforma/on	
  Kine/cs	
  and	
  Alloy	
  Microsegrega/on	
  in	
  High	
  Pressure	
  Die	
  Cast	
  Mg	
  Alloys:	
  John	
  
Allison,	
  University	
  of	
  Michigan	
  	
  

•  In-­‐situ	
  Inves/ga/on	
  of	
  Microstructural	
  Evolu/on	
  During	
  Solidifica/on	
  and	
  Heat-­‐	
  Treatment	
  in	
  a	
  Die-­‐
Cast	
  Mg	
  Alloy:	
  Aashish	
  Rohatgi,	
  Pacific	
  Northwest	
  Laboratory	
  

•  	
  A	
  systema/c	
  mul/scale	
  modeling	
  and	
  experimental	
  approach	
  to	
  protect	
  grain	
  boundaries	
  in	
  Mg	
  
alloys	
  from	
  corrosion:	
  Mark	
  Horstemeyer	
  at	
  Mississippi	
  State	
  	
  and	
  Santanu	
  Chaudhuri	
  at	
  Washington	
  
State	
  	
  

•  Corrosivity	
  and	
  Passivity	
  of	
  Metastable	
  Mg	
  Alloys	
  -­‐-­‐-­‐An	
  Introductory	
  Study	
  to	
  Future	
  Stainless	
  Mg	
  
Alloys:	
  Guang-­‐Ling	
  Song,	
  ORNL	
  

•  Dealloying,	
  Microstructure	
  and	
  the	
  Corrosion/Protec/on	
  of	
  Cast	
  Mg	
  Alloys,	
  Karl	
  Sieradzki,	
  Arizona	
  
State	
  U.	
  	
  



New Research Data 
Alliance IG!

RDA/CODATA Materials Data, Infrastructure & 
Interoperability IG!

!
James A Warren and Laura Bartolo, Co-Chairs!





hIps://materialsdata.nist.gov/	
  



NIST Center of 
Excellence for 

Advanced Materials!



THE	
  MGI	
  SUBCOMMITTEE	
  (SMGI)	
  

•  Coordinate	
  across	
  government	
  
•  Convene	
  stakeholders	
  to	
  engage	
  

in	
  strategy:	
  	
  Grand	
  Challenge	
  
Summits	
  

•  Development	
  of	
  a	
  NaGonal	
  
Strategy	
  for	
  MGI	
  

•  MGI	
  SubcommiIee,	
  CommiIee	
  
on	
  Technology,	
  NSTC	
  	
  

•  First	
  meeGng	
  April,	
  2012	
  
•  Membership	
  includes	
  the	
  Federal	
  

agencies:	
  NIST,	
  DOE,	
  DOD,	
  NSF,	
  
NASA,	
  NIH,	
  US	
  Geological	
  Survey,	
  
NaGonal	
  Nuclear	
  Security	
  
AdministraGon,	
  DARPA,	
  NaGonal	
  
Security	
  Agency,	
  and	
  Office	
  of	
  
Management	
  and	
  Budget	
  

•  Co-­‐chairs:	
  	
  OSTP	
  (Wadia),	
  NIST	
  
(Locascio),	
  DOE	
  (Horton)	
  

•  ExecuGve	
  Secretary:	
  NIST	
  (Jim	
  
Warren)	
  

what	
  we	
  do	
  	
  
who	
  we	
  are	
  	
  



What	
  does	
  a	
  funcGoning	
  
Infrastructure	
  look	
  like?	
  

37	
  

Figure 1. Schematic of how the design criteria for a given material dictate the needed material properties and thus define the needed experiments, models and 
data. 

You are here!



Why	
  an	
  MGI	
  Now?	
  
	
  

Materials	
  Are	
  Complicated	
  Systems	
  
Modeling	
  is	
  a	
  Challenge	
  

• Advanced	
  materials	
  are	
  complex:	
  mulG-­‐component	
  and	
  mulG-­‐phase	
  
• Without	
  adequate	
  modeling,	
  informaGcs	
  and	
  data	
  exchange,	
  the	
  
development	
  of	
  next	
  generaGon	
  materials	
  using	
  empirical	
  approaches	
  is	
  
bogged	
  down	
  by	
  their	
  complexity	
  	
  

• The	
  Materials	
  Genome	
  IniGaGve	
  seeks	
  to	
  advance	
  materials	
  design	
  
capabiliGes	
  to	
  promote	
  faster,	
  cheaper	
  	
  

•  ComposiGon	
  and	
  processing	
  affect	
  
properGes	
  

•  Phases	
  change	
  as	
  a	
  funcGon	
  of	
  
processing	
  	
  

•  Microstructures	
  consist	
  of	
  
mixtures	
  of	
  mulGple	
  material	
  
phases	
  

•  Finer	
  microstructure	
  results	
  in	
  a	
  
much	
  stronger	
  alloy	
  

Alloy cooled from  300 °C  Alloy cooled from  800 °C 



Data	
  

Repositories	
  

Models	
  

Data	
  

M
odels	
  

Code	
  

Metadata	
   MGI	
  

Simula?on	
  

Experiment	
  

Quantum	
   Macro	
  Micro	
  Nano	
  

How	
  do	
  we	
  do	
  it?	
  
An	
  infrastructure	
  for	
  Open	
  Science	
  	
  

Materials	
   w/	
  Targeted	
  Proper?es	
  



Data	
  

Community-­‐based	
  
Curated	
  Repositories	
  

Models	
  

MGI	
  
Ecosystems	
  

Materials	
  w/	
  Targeted	
  Proper?es	
  



Data	
  

Repositories	
  

Models	
  

Enable	
  &	
  Enhance	
  Exchange	
  	
  
(repositories,	
  disciplines,	
  industries;	
  standards)	
  

Materials	
  w/	
  Targeted	
  Proper?es	
  

Simula?on	
  

Experiment	
  

Quantum	
   Macro	
  Micro	
  Nano	
  



Data	
  

Repositories	
  

Models	
  

Data	
  

M
odels	
  

Code	
  

Metadata	
  
Assess	
  &	
  Improve	
  Quality	
  	
  

(Data	
  &	
  Models)	
  

Materials	
  w/	
  Targeted	
  Proper?es	
  



MGI	
  NATIONAL	
  STRATEGY:	
  	
  4	
  GOALS	
  

•  Enable	
  a	
  Paradigm	
  Shiq	
  in	
  Culture	
  	
  
•  Integrate	
  Experiments,	
  ComputaGon,	
  Theory	
  
•  Facilitate	
  Access	
  to	
  Materials	
  Data	
  
•  Equip	
  the	
  Next-­‐GeneraGon	
  Materials	
  Workforce	
  

http://www.nist.gov/mgi/upload/MGI-StrategicPlan-2014.pdf"



What Should NIST Do?!



Halt!!


