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Wﬁé&i:zome to the Anthropocene

= Human activity is now
encoding information into .
the geologic record -

° Ir, Pt
— Holocene-Antropocene:
* C, Pu?
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graphene
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carbide

graphite

- nickel
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materials research?

= Critical materials

Al Bartlett's warning

Elements in composites research
Helium

A sustainable solution for research
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Critical Elements & Materials °:23Aamos

Necessary for current and emerging technologies
and whose supply is at risk

Examples
In solar cells, energy-efficient displays
Te solar cells and detectors
Pt catalysts
Re superalloys
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Energy Critical Elements:

U.S. DEPARTMENT OF ENERGY SY

Critical Materials
Strategy

December 2011

Yb Lu

Ytecbiom

Securing Materials for Emerging Technologies

A REPORT BY THE APS PANEL ON PUBLIC AFFAIRS & THE MATERIALS RESEARCH SOCIETY

MIR[S] ABS, g
R R 2 ENERGY
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US Department of Energy Criticality %
Assessment 2010-2015 /Los Alamos
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“Short term 2010-2015”
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Supply risk

But doesn’t research consume too little to worry...?
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Critical Elements would include...
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P

= U (natural)
" ?H (D,0)
= C (highly pure graphite)
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Conflict minerals

 TIn
« Tantalum

* Tungsten
« Gold
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All Composites

Doubling time: 7.8 years

20 30 40 50 60 70
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Rice as fraction of world production (annual)
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Number of papers involving composites Evanadium
® molybdenum
® diamond
®tin
® gold
® nitride
" manganese
" silver
tungsten
nickel
® graphite
carbide
lithium

M silicon
A~ nano

s graphene
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Faster, Sustainable
and More Inclusive Growth
An Approach to the Twelfth Five Year Plan

R esiibad

Government of India
Planning Commission

Faster, Sustainable e

and More Inclusive Growth
An Approach to the Twelfth Five Year Plan
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Helium: e
A New-APS-MRS-ACS Critical
Materials Study (2016)

e T

/99.99% "\
He-4 second only to H in universe

Created in Earth by radioactive decay

Collected from natural gas wells

— Usually just released
@ FProton (O Neutron ® Electron

Stockpiled in Texas mines for:
— Military dirigibles (1925 et seq)
— Liquid-fueled rockets flush (1957 et seq)
— Welding, semiconductor manufacture
— Cryogenics
Particle accelerators
Medical MRI
Future nuclear reactor coolant
Condensed matter research

Quantum fluids physics UNCLAS
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The US Federalms
Helium Reserve s

WYOMING

Riley Ridge area Fields

Church Burtes Field

COLORADO
. Reichel Field

BURLINGTON SCOTT CITY
] BUSHTON
-
SATANTA KANSAS
Las Animas Fields Hugoton Field®
Greenwood Ficld
LIBERAL

Beauriful Mountain Field i Ute Dome Faeld

Keyes Ficld

Shiprock Field .
GRUVER
Panhandle Field
Cliffside Field
OKLAHOMA
NEW s FAIN
o [} CHILLICOTHE
MEXICO AMARILLO -
Thalia Field
TEXAS

EXPLANATION

. CITIES

The Panoma gasfield underlines the western
wo-thirds of the Hugoton Field in Kansas

Bureau of Land Management helium pipeline

‘ ‘ Helium gas ficlds
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_Intefrmediate Policy Solutions e
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= In 1996, US Congress had determined to sell off
the Federal Helium Reserve by 2020.

= Lawmakers woke up and passed the Helium
Stewardship Act in 2013
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RESPONDING TO
The U.S. Research Community’s
Liquid Helium Crisis

An Action Plan to Preserve U.S. Innova:tlon \

A SCIENCE POLICY REPORT ISSUED BY: Aateriale
Reprasenting more than 200,000 sClentists, enginoers, and innovators wordwide:

WS EEEEE $AC..
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APS-MRS-ACS He Panel

Simon R. Bare, Co-Chair, SLAC National REPORT ADVISORS

Accelerator Laboratory

Damon Dozier, Materials Research
Michael Lilly, Co-Chair, Sandia National Lab amon Dozier, Materials

Society

Janie Chermak, University of New Mexico . . .
Ryan Davison, American Chemical

Society

: : . APS STAFF
Scott Hannahs, National High Magnetic
Field Lab Francis Slakey, Associate Director of

Sophia Hayes, Washington University in St. Public Affairs
Louis

Rod Eggert, Colorado School of Mines

William Halperin, Northwestern University

Mark Elsesser, Senior Policy Analyst

Michael Hendrich, Carnegie Mellon
University Jeanette Russo, OPA Programs

Alan Hurd, Los Alamos National Laboratory Manager

Mike Osofsky, Naval Research Laboratory Ronald Lipscomb, Science Policy

Cathy Tway, The Dow Chemical Company Intern
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1. The White House (OSTP) and OMBtogether should develop guidance to federal
agencies, which use or support the use of helium, on establishing plans to conserve helium
without compromising their mission or the vitality of their research and development programs.
The National Science Foundation’s DMR to fund small-scale liquefiers for researchers...

2. Congress should mandate that a portion of the monies raised through the sales of crude
helium from the Federal Helium Reserve be used to help finance the capital investment in
equipment that reduces academic researchers’ helium consumption. Executive Summary

3. The Bureau of Land Management (BLM) should clarify and then widely publicize its
regulations regarding the in-kind helium program to explain that federal grantees are eligible
for the program...

4. BLM should establish a royalty in-kind program for helium. A portion of the helium
extracted from federal lands should be marked as in-kind and sold to vendors based on the
current and established pricing methodology. Vendors would be required to refine and resell the
helium to federal end-users.

5. The professional scientific societies should develop a methodology to help academic
researchers determine if — given helium costs, scientific requirements and existing infrastructure
— it is financially beneficial to make a capital investment in equipment to reduce their helium
usage. The societies should facilitate contact between interested researchers worldwide and
manufacturers of helium liquefiers and recyclers. “Matchmaking website”
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Formed by decay of tritium

Only one practical global source: the
refurbishment and dismantlement of
nuclear weapons (US and Russia)

Applications
Cryogenics!
Quantum fluids research
Neutron detection
Medicine
Borehole logging for prospecting

National Muclese Security
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Department of Homeland Security
(DHS)...

= ordered He-3-based neutron
detectors for deployment at
shipping centers to detect nuclear
materials

over-subscribed the He-3 supply

by squeezing out research needs

— Neutron scattering facilities around the
world starved for detectors

— Crash programs created for alternative
detectors based on B-10 and Li-6.
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He-3disbursementsin US /Lot Alamos
(from policy statements, usage)

EST.1943

Helium-3 Disbursements (USA)

The alarming
“cliff”’ in
helium-3 supply
was noticed
very late due to
national
security

liters (STP)

=

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040
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Calculated Tritium Source and Derived Raw He3 (USA)
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[Hurd and Kouzes, Eur Phys J 2014] "~

Helium-3 Reserve-Disbursement Scenarios (USA)
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SESAME is a remarkable science /-f)?sAlamos

diplomacy success
SESAME
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Can we beat the math?

6% GDP growth

~iallll DDD 1., -

Jul2013 J 12015

2013 2014 102015
a0
60
w0
2

0.0

0 20 40

UNCLASSIFIED V/-¥

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA

£

« Los Alamos

NATIONAL LABORATORY
EST.1943

National Muckese Securft

UNCLASSIFIED | 36




Sustained Availability Zod Alames

(A. Bartlett)
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P = P(0) exp (-kt)

Supply
TOTAL
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World petroleum will last 40 years at
present rates of consumption, say
Let k=1/40 = 0.025

Global use of petroleum declines
2.5% per year

The petroleum will last forever!
Decay curve has a “half life” of 28
years.

At every point on the decaying
production curve, the life
expectancy of the then remaining
resource will be 40 years at the
then current rate of prod

MNISA

National Nuciear Security
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Obligations
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