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Materials Innovation Timeline

PV TCOs Permanent magnets Solar Fuel

Thermoelectrics Energy Storage

Teflon Lithium ion

Velcro
Titanium

Polycarbonate Diamond-like Thin Films

GaAs

Amorphous soft magnets



Theory + Computers = Predictions!

One supercomputer could
crunch through ~20,000
structures in 1 day...
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Finding higher energy density cathode

n

MnO,

\/ | _ABO,+AO+AB,0,

MnO,+H,0+Zn ->MnOOH + ZnOH, AORAD QAP0

SPECS:
Higher energy density
Both reactants and products stable in high molar KOH




The Screening Strategy

Database
Known permutation strategy New 5
compounds » compounds )
30,000-50,000 ~ 100,000

l ~ 100,000 - 200000

vsolid Stability - . screening

v'Solubility . «
v'Voltage (phenomenological)
v'Capacity
l ~ 10,000 - 20’000
Computational Teite i
Screening
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Candidate materials




Novel Materials for Alkaline batteries

MnO,

= 200 compounds

v/ Reactant stable in air

v’ Reactant stable in 9N KOH
\\/ Product stable in 9N KOH
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Proof of concept —it’s just the beginning...

New materials predicted and synthesized based on computational predictions

2 3 4
Voltage (V vs. Ca)

2005: 2011: 2014: 2014:
Novel stable alkaline batteriesNovel class of Li ion electrodes Predicted new Novel MV Cathodes
photocatalyst




Input processing & transformations

StructureNotationalLanguage (SNL)

Web apps

—)[ Analysis]
Materials API
v .
Workflow Post-processing and
Manager error-checking

4 Supercomputing Resources )




ICSD Other experimental databases

User submissions

e

e Robust materials analysis

— lStructureNotaﬁonalLanguage (SNL)

e Self-healing error recovery

e Smart workflow management

Workflow
Manager

Supercomputing Resources

Web apps

Materials API



Leveraging the MP Infrastructure

Electronic Elastic and Equilibrium

Defects thermal q
Structure . with water
properties

Surfaces

W/Stanford:
Mg alloys

CAP:
Photocatalysts

JCESR:
MV Cathodes
Electrolyte Genome

| NREL EFRC:
Caltech: Synthesis;
Thermoelectrics Nucleation




Novel corrosion-resistant oxide
lightabsorber found: p-Mn,V,0-

Collaboration with JCAP; material synthesis and testing by John Gregoire

Predicted near optimal band edge 385-nm illumination in 0.1 M NaOH (aq) with 50
energies for hydrogen evolution A~ 10-3 M [Fe(CN)6]3-/4~ redox couple.
reaction and oxygen evolution

reaction; band gap of 1.8 eV. Evidence of excellent photoabsorbing

capability and corrosion resistance

Yan et al. Accepted in Advanced Energy Materials 2015 -



The Materials Genome Initiative

June 2011: Materials Genome Initiative
which aims to “fund computational tools,
software, new methods for material
characterization, and the development of
open standards and databases that will make
the process of discovery and development of
advanced materials faster, less expensive,
and more predictable”

The Materials Project was recognized by several agencies and publicized at DOE as a ‘First-Of-

Its-Kind Search Engine’ for materials research and a groundbreaking project within the recent
Materials Genome Initiative announcement.




+40,000 +28,000 +2,000 +18,000




MP Apps

Electronic structure
Structure

Phase diagrams

Li-ion properties
Aqueous stability
Design Center

Porous Nanomaterials




Battery Explorer

safer safer
Li, NiPO, — Li, MnCO,PO, — Li, FePO,

Spontaneously
releases O2 at RT!

Rp <§> RT O

RT




The Materials Project Impact

(] Launched online Oct 2011

1
U Users: ~12,000 registered 0,000 users -

Users

U 8 million records downloaded through API

U Active Partnerships: JCAP, JCESR, NREL-EFRC, Minnesota |
MGI Center on Porous Materials; U Leuven, U Wisconsin-
Madison (MaterialsHub), EPFL, ...

U Course-ware : UC San Diego, UC Davis, UC Irvine, U
Michigan, Johns-Hopkins, Cornell, MIT,UC Santa Barbara...

U Companies: Toyota, Sony, Bosch, 3M, Honda, Samsung, LG
Chem, Dow Chemicals, GE Global Research, Intermolecular,
Applied Materials, Energizer, Advanced Materials, General
Motors, Corning, DuPont, Nippon Steel, L'Oreal USA,
Caterpillar, HP, Unilever, Lockheed Martin, Texas
Instruments, Ford, Bose, Sigma-Aldrich, Siemens, Raytheon,
Umicore, Seagate, ...




World-Wide Resource

/Haynes International:\
“The correlation between
softening  temperature

Toyota: “Materials Project
is a wonderful project.

Please accept m
and your calculated data . P y
) . appreciation to you to
is high - can we add .
release it free and easy to
novel alloy R
access.

Qompositions 27

Micron: Your project is inspirational. Please

come to Boise and educate our technical
community”




our way.....

... towards a materials
genome

Thanks to BES DOE and NERSC



