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Rare Earth Elements:
Essential Components of Modern Technology
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www.monteromining.com
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http://www.outsiderclub.com/report/how-to-invest-in-rare-earth-metals-and-profit/1446



Homeland Security & 
Advanced Military Applications
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http://sun-bin.blogspot.com/2010/10/rare-earth-elements-what-do-they-look.html
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http://pubs.usgs.gov/fs/2002/fs087-02/

http://www.periodni.com/rare_earth_elements.html
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https://www.emaze.com/@AFOCCFTI/Plan-to-Reduce

http://www.hybridcars.com/threat-rare-earths-shortages-hybrids-and-evs-remains-unclear-34571/
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http://www.baotou-rareearth.com/

Commodity Prices vary, but can be significant 
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http://repository.azgs.az.gov/sites/default/files/dlio/files/nid1570/ree_cocker_chp4.pdf

Resources distributed between two main types of 
deposits:  Primary Ores and Lateritic Soils/Paleosols



U.S. Department of Energy analyzed hundreds of coal and coal by-product samples and 
found highest rare-earth assays in the northern Appalachian region
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https://www.netl.doe.gov/research/coal/rare-earth-elements
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https://www.netl.doe.gov/research/coal/rare-earth-elements
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http://www.wvgs.wvnet.edu/www/datastat/te/index.htm



WVGES Coal Program Interactive Mapping Application:  
Decades of Coal Research and Field Study
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http://www.wvgs.wvnet.edu/www/coal/cbmp/coalims.html



Challenge 1:  Identify Prime Feedstocks
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Bryan et al., 2015

MULTIPLE MODES OF ENRICHMENT 



Multiple Enrichment 
Modes:

several possibilities for 
concentration within 

coal measures
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Bryan et al., 2015
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Bryan et al., 2015

Enrichment in Roof Rock and Underclay: 
Lower Kittanning, Clarion Co. PA
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Bryan et al., 2015

Enrichment in High-Ash Coals: 
Fire Clay Coal Bed, Letcher Co., KY
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http://geomaps.wr.usgs.gov/parks/pltec/sc306ma.html
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http://www.docsity.com/en/cyclothems-environmental-geology-lecture-slides/380561/
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WVGES is conducting detailed sampling and research in conjunction 
with TetraTech in support of NETL award 



Challenge 2:  Extract REEs from 
Host Material
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https://www.uky.edu/KGS/coal/images/Coal_mining_methods_med.jpg



Large volumes of material must be processed to 
obtain REEs from host rock 
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Bryan et al., 2015

http://www.motioncontrolonline.org/content-detail.cfm/Motion-Control-Technical-
Features/Market-Update-Rare-Earth-Magnet-Prices-and-Motion-Control/content_id/322



http://pubs.acs.org/doi/pdf/10.1021/acs.est.6b00085

Post-combustion (fly) ash:  Appalachian coals have highest 
REEs; more difficult to extract due to glassy encapsulation
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Goal:  Water-Soluble Rare-Earth 
Concentrate
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http://www.wsj.com/articles/lynas-ceo-digs-in-as-rare-earth-prices-slump-1441097886



Challenge 3:  Separate the 
Individual Rare Earth Elements
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https://en.wikipedia.org/wiki/Rare_earth_element
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Traditional Separation Methods: 
Multiple Steps, Multiple Solvents
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http://www.slideshare.net/CallumBrowning/lca-of-re-production-from-mz



It’s not easy being green…
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…but technologies are advancing
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http://ucore.com/documents/WhitePaper_REE_Separations.pdf
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SUMMARY

• Coal measures in WV demonstrate significant 
resource potential with regard to rare earth elements

• REEs can occur in multiple rock types, and 
identification of optimal feedstock material is key

• Large volumes of material must be processed at the 
preparation-plant level; each feedstock stream will 
require customized processing

• Opportunities exist for recycling of waste products
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• West Virginia possesses the experience, knowledge, 
and trained workforce to develop and enhance 
these emerging technologies

• Cooperation and collaboration is essential to 
overcoming operational challenges

SUMMARY
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Thank You!
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www.wvgs.wvnet.edu


