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Materials criticality is affecting us today 


•	 The target date for transition to high-output 
T5 fluorescent lamps has been delayed by 
two years because manufacturers claim 
that there is a shortage of Eu and Tb for the 
phosphors. 

•	 Utility-scale wind turbine installations are 
overwhelmingly gearbox-driven units, 
despite the high failure-rate of the 
gearboxes, because of the cost and 
unavailability of Nd and Dy required for 
direct-drive units. 
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A three-pillared research strategy 


Find ways to: 

•	 diversify our sources; 

•	 provide alternatives to the existing 
materials; 

•	 make better use of the existing 
supplies through recycling and re-
use. 

Some of these approaches 
work better than others for 
specific materials. 
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Five-Year Goals 

Within its first five years, CMI will develop at least one technology, adopted 
by U.S. companies, in each of three areas: 

Diversifying & expanding Developing substitutes Reducing wastes 

production 
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Criticality Analysis
 
• Identifies the propensity for supply-chain problems to occur.  

It does not predict that they will. 

DOE Medium Term Outlooks: 2015 – 2025 

• Identifies the need for appropriate attention, not panic.  



 

 

 

 

   
      

    

 

 
   

  

  

   

Strategy
 

•	 Determine what industry needs in order to meet US energy 
goals 

•	 Develop technologies that have potential to meet those needs
 
• Lower capex and/or opex for materials producers: increased supply 

• Materials substitution and/or manufacturing efficiency: reduced demand 

•	 Link fundamental & applied research to industry needs 
• Obtain industry input early and often 

• Establish necessary tools and expertise 

• Link CMI efforts to national technology roadmaps 

• Link CMI project roadmaps internally 
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Salient facts 

• Started operations on June 1, 2013 

• 318 researchers & staff on payroll (83.2 FTEs) 

• Several new facilities established 
– Improved criticality assessment capacity 

– Bulk combinatoric library production facility 

– Thin-film combinatoric library production facility 

– High-throughput analysis (with JCAP and JCESR) 

– Solvent exchange (SX) pilot scale test facility 

– Electrophoretic deposition capability 

– Filtration test facility 

– Toxicology test capability 

– Thermal analysis in high magnetic fields 

– Rapid magnetic property assessment 

– Rapid thermodynamic property assessment 

– Micro-x-ray fluorescence analysis capability 

– Metal reduction capabilities 

– Robotic high-throughput catalyst development system 

• Extensive industrial outreach 

• 35 invention disclosures, 4 patent applications 

• 30+ technical publications, 140+ presentations 
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Focus Area 1
 
Diversifying Sources 

• Reducing capex and/or opex for traditional 

and non-traditional materials producers.
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Atomic mineral Advanced Beneficiation Techniques 

Colorado School of Mines, Oak Ridge National Laboratory 

Partners: Molycorp, Cytec, Rare Element Resources 

•	 The goal is to develop new or improved beneficiation 

techniques that will enable improved efficiency for 

processing of a range of rare earth ores. 

•	 Improved supply of rare earths per ton of ore mined: 

potential for 10k tons or more REO per year at Molycorp 

Mountain Pass site alone. Other ores can be enabled, 

potentially equivalent to Mtn Pass production rate. 

•	 Status: determining which fundamental processes 

(mineral surface charge, collector selectivity, etc.) are 

most responsible for REE mineral flotation; promising 

flotation observed (e.g., ancylite); useful gravity and 

magnetic effects observed; X-ray reflectivity measured for 

two minerals, interface structures determined. 

•	 Utilize lessons learned from current work to design, test 

and improve new collector & suppressor molecules. 

• TRL 6 (Pilot scale) by 2018 (see road map) 

Green = REE 

mineral 12 

structure 

Collector 

synthesis 

Ore mineral characterization 



 13 



 

 

  
 

  
  

    

  
  

 

 
 

 

 
 

  

   

Critical Materials from Phosphate Ore Processing 

Oak Ridge National Laboratory; Florida Industrial and Phosphate Research Institute; Ames Lab; 

Idaho National Laboratory; Mosaic Company; Cytec; Rutgers Univ.; UC-Davis; OLI Systems 

•	 Goal: Establish alternative critical materials source 
from large-scale US phosphate production. 

•	 Existing US phosphate operations could supply 
large quantities of energy-critical REE, including 
twice the current global supply of Y; 1.3 times the 
supply of Dy, and 40% of global Nd production 

•	 Bench-scale testing on industrial samples has 
identified attractive source materials and 
concentration/extraction technologies 

•	 Future activities include bench and pilot testing 
with actual materials in conjunction with engaged 
industry, including Mosaic and Cytec. 

•	 Commercialization involves demonstration of 
economic REE recovery from a relevant stream by 
2018. 
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Focus Area 2 
Materials Substitution 

• Plug-in substitute materials for minimal process 

disruption 

• Lower-cost materials for cost savings 

• Meeting (not exceeding) performance requirements
 

• Linking materials development & product design 
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Fluorescent Lamp Phosphors with Low Rare Earth Content
 

•	 Goal: Replacements for the GREEN and RED phosphors using 90% less critical 

material content 

•	 Impact: Fluorescent lighting will no longer be subject to market spikes in rare earth 

costs 

•	 Status: Two leading candidates, Zn2P2O7:Ce,Tb and 

AlN:Mn.  Several candidates serve as backups, 

including zinc borates, garnets, and others. 

•	 Next steps: Improvements in light yield: 

•	 Zn2P2O7:Ce,Tb (15% ) and AlN:Mn by 2.5x. 

•	 The issues appear to lie within the synthetic 

methods. 

•	 We are making good progress in understanding the 

nature of energy transfer mechanism, and expect to 

have these issues resolved within a year. 

Current Phosphors 
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Advanced Magnet Manufacturing
 

•	 Goal: Exploit advanced manufacturing to reduce 

rare earth content in high performance magnets 

•	 Impact: Significant reduction in Dy demand, 

reduction in waste, improved performance (higher 

operating temperature, higher energy density) 

Ni 

Fe 

•	 Status:  Producing feedstock material, developing Ni core ferrite shell NPs 

AM techniques to produce magnets 

•	 Refine parameters to improve magnet 

performance 

•	 Initial use in high end motor/actuators (2018) 
Initial laser additive trial of 

isotropic Nd2Fe14B powder 
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Focus Area 3
 
Reduce, Re-use & Recycle 

• Reducing capex and/or opex for recyclers to 
improve supply. 

• Improving manufacturing efficiency to reduce 
demand. 
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Co-participating Institutions – LLNL, Ames, CO School of Mines, and Purdue 

Rotor containing 

HDD magnets 

Stator 

HDD magnets 

Direct Magnet Reuse 

Axial Gap Motor 

Automated Magnet Recovery 

software advisor to assist with design for manufacture 

Recycling 
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Manufacturing Design Advisor 
Design-for Manufacturing & Assembly + Design-for-Disassembly 

Rare earth Magnet Recovery & Reuse
 
Participating Institution – ORNL
 

•	 Project goal - Economically recover rare earth 

magnet material from end-of-life consumer products 

and magnet manufacturing. 

•	 Impact - 1000s of metric tons of RE metal, oxide and 

intact magnets are made available for reintroduction 

into the marketplace (6 Invention Disclosures filed) HDD in 

Disassembled •	 Current status – High throughput magnet recovery sub-

processes validated on HDDs; magnet manufacturing 

swarfs efficiently separated for recovery; optimization 

method developed for improved manufacturing and 

dismantlement of magnet containing products 
•	 Next steps – Build magnet recovery demonstration test 

bed; refine swarf separation processes; optimize 

Swarf •	 Path to commercialization/target 

date – Formalize/enhance industry 

team to demonstrate economics of 

magnet and swarf recovery 

processes; implement software 

advisor in manufacturing/recovery 

process. (Technology Licensing) 
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Membrane Solvent Extraction for REE Recovery
 
Oak Ridge National Laboratory 

Idaho National Laboratory 

•	 Project goal: recover high purity REEs suitable for 

reuse and recycle from scrap magnets dissolved in 

strong acids with highly selective extractants. 

•	 Impact if successful: 1) major impact on process 

economics as the recovered REEs can be directly 

recycled without additional chemical/physical 

processing. 2) greatly minimizes hazardous waste 

compared to traditional separation technologies. 

•	 Current status: successfully demonstrated the 

recovery of high purity REEs from several scrap 

magnet samples provided by industrial partners. 

•	 Next steps: complete lab-scale extended duration 

tests (~1000 hours) using larger area modules. 

•	 Path to commercialization, and target date: work 

closely with Molycorp and potential industry partners, 

and prepare for field demonstration by June 2017. 

REEs 
Feed 

Strip 

Strip 

Feed: 
Dissolved scrap NdFeB magnets 

Organic Phase 

in hollow fiber support 

No co-extraction of non-REEs
 

24 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=scii_zNBffdcgM&tbnid=45tWcD-S7n1lBM:&ved=0CAcQjRw&url=http://www.brandprofiles.com/inl-idaho-national-laboratory-logo&ei=KSM9VJrFEoeQyQTJ2YHgAw&bvm=bv.77161500,d.aWw&psig=AFQjCNFgq85NWWLV8NUqTA-IkrbjfbXofw&ust=1413379234968520


25 



 

 
 

   
 

 

 

Focus Area 4
 
Crosscutting Research 

• Providing tools and knowledge to support the 
other focus areas. 
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Multiscale modeling of permanent magnets
 
Ames Laboratory, Ames, IA 

Livermore National laboratory, Livermore, CA 

•	 Formulation of a multiscale method for the 

description of hysteretic phenomena in magnets 

•	 Impact: Improving our understanding of known 

magnets with an opportunity to predict new 

magnets 

•	 Current status: Created and applied two 

computational tools to describe magnetic phase 

transition and anisotropy in alloys as a function 

of temperature. 

•	 Next steps: Experimental verification of 

predictions. Creating a link with nanoscale at 

finite temperature.
 

Anisotropy in (Fe BxCo1-x)2

Magnetic phase diagram of 

Fe Pt alloys xMn1-x
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Economic Analysis of Global Materials Supply Chains 

• Build a better understanding of global material 

supply chains including CMI’s impact on critical 

material economics 

Idaho National Laboratory, Colorado School of Mines 

Purdue University 

Neodymium Oxide Market Price
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Generic system dynamics 

commodity market method 
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•	 Impact: Models will help CMI identify areas of 

importance and understand the global supply 

chain interaction. 

•	 Current status: on schedule and budget 

•	 Continue developing tier 2, expanded model. 

Convey and demonstrate results of tier 1 model. Dynamic supply and demand 
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Strategy
 

• Link fundamental research to product needs
 
•	 Obtain industry input early and often 

•	 Link project roadmaps together 

Link CMI-wide roadmaps to the outside world • 
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Achievements, to Date 

The Critical Materials Institute has: 

•	 Built an outstandingly capable research team of over 300 scientists, 

engineers and support staff
 

•	 Built a strong and energetic leadership team 

•	 Established robust management capabilities 

•	 Completed all major equipment acquisitions, providing unique and 

focused tools for the Hub’s work
 

•	 Established broad networks of industrial collaborations 

•	 Established an exceptional level of global visibility 

•	 Demonstrated the ability to adjust our program in response to emerging 
needs 

•	 Proven that we can significantly accelerate the process of bringing 

innovations to the marketplace 
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Invention Disclosures  

1. Extraction of rare earth elements from phosphoric acid streams 

2. Extraction of rare earths from fly  ash 

3. Recovery  of neodymium from neodymium iron boride  magnets 

4. Membrane solvent extraction for rare  earth separations✪  

5. Selective composite membranes for lithium extraction from geothermal brines  

6. Methods of separating  lithium-chloride  from geothermal brine  solutions  

7. Recovery  of Dy-enriched  Fe alloy  from magnet scrap alloy  via selective 
separation  of rare  earth elements✪  

8. Aluminum nitride  phosphors for fluorescent lighting✪  

9. Novel  surface coatings to improve  the functional  properties of permanent 
magnets  

10. Additive manufacturing of bonded  permanent magnets using  a novel polymer 
matrix  

✪Patent Applied For 



 

 

 

Invention Disclosures  

11. Ceria-based  catalyst for selective  phenol hydrogenation  under mild  reaction  
conditions  

12. Recycling  and conversion  of samarium cobalt magnet waste  into useful magnet 

13. Catalysts for styrene production  

14. Task specific ionic liquids extractive  metallurgy  or rare earth minerals  

15. Separation of neodymium from praseodymium 

16. High  throughput cost effective rare earth magnets recycling  system  

17. Recycle  of Fe Nd  B Machine Swarf  and Magnets✪  

18. Directly  Printing  Rare Earth Bonded  Magnets 

19. Procedure for Concentrating  Rare-earth Elements in Ne odymium Iron Boron-
based  Permanent Magnets for Efficient Recycling/Recovery  

20. Enhancing  Consumer Product Recycling  via  Rapid Fastener Eradication  

✪Patent Applied For 
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Invention Disclosures  

21. Automated  Printed Circuit Board  Disassembly  by  Rapid Heating  

22. Electrochemistry  Enabled Recovery  of Value  Metals from Electronics 

23. Synthesis of High  Surface  Area  Mesoporous Ceria  

24. Self-Assembly  of Low  Surface  Colloidal Nanoparticles into High Surface  Area  
Networks  

25. Selective Chemical  Separation of Rare-Earth Oxalates (CSEREOX) 

26. Carbothermic Preparation  of SmCox  (x=5 to 8.5) Permanent Magnets Directly  
from Sm2O3  

27. A  One Step Process for the Removal  of Nickel/Nickel Copper Surface Coating  
from the Nd2Fe14B (neo) Permanent Magnets  

28. Engineering  Caulobacter Surface Protein for Rare Earth Element Absorption  

29. Chemical  Separation of Terbium Oxide (SEPTER) 

30. Novel  Methods towards Selective Surface  Modification  of Nd2Fe14B Magnets to 
Achieve High  Performance Permanent Magnets  

✪Patent Applied For 
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Invention Disclosures  

31. Mesoporous  Carbon and Methods of Use  

32. Castable  High-Temperature  Ce-Modified Al Alloys  

33. High  Command Fidelity  Electromagnetically  Driven  Calorimeter (High-CoFi  
EleDriCal) 

34. 3D Printable Liquid  Crystalline Elastomers with Tunable  Shape Memory  
Behaviors and Bio-derived Renditions  

35. Direct Write Additive Manufacturing Method for Heat Exchanger Production using  
Al-Ce-X Alloys 

 

✪Patent Applied For 


