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Rare Earths? 



Eu 

Tb 

//upload.wikimedia.org/wikipedia/commons/2/2e/Eu-sulfate-luminescence.jpg
//upload.wikimedia.org/wikipedia/commons/2/29/Tb-sulfate-luminescence.jpg
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Xj8q5Yh2lCFpjM&tbnid=cdxZwe6pNezyWM:&ved=0CAUQjRw&url=http://www.allmagnetics.com/smco.htm&ei=g4RdUr2yM4bI9QTf5IHgAg&bvm=bv.53899372,d.eWU&psig=AFQjCNHGavWUTYUb-3lShEb7Fvwm5j5hAg&ust=1381946863702311
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=4WnHiFdHuxbLsM&tbnid=7v5_Iid_1mhhyM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:01_Spiral_CFL_Bulb_2010-03-08_(transparent_back).png&ei=VdVeUsavDoX29gSWwIBI&bvm=bv.54176721,d.eWU&psig=AFQjCNH7Mg3KjQt9KJONkDm6Y8Gew4JA6g&ust=1382033105327267
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=wp0radLBtoaMsM&tbnid=eh9I24svI9CbOM:&ved=0CAUQjRw&url=http://www.hdwallpapersinn.com/toyota-prius-wallpapers.html&ei=n9VeUrbLFYXw8QTtkIHABg&bvm=bv.54176721,d.eWU&psig=AFQjCNHcgsitqdpEAJpkvU5w-0asC6rCLQ&ust=1382033175903173
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=6XGBG71SnLFIiM&tbnid=wKMTCjj9SdijjM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Toyota_Prius_plug-in_conversion_battery_pack.jpg&ei=1NVeUsTiCI7i9gS3YA&bvm=bv.54176721,d.eWU&psig=AFQjCNEhDL7i4naUdqQh12t4bJifH32wEA&ust=1382033226387745
https://www.google.com/imgres?imgurl&imgrefurl=http://jalonburton.blogspot.com/2012/05/designing-with-flat-screen-television.html&h=0&w=0&sz=1&tbnid=5PVHZy9r5GdpnM&tbnh=225&tbnw=225&zoom=1&docid=xTORXV62NHE_qM&ei=zdZeUqvJMYvu9ASF6oHgAw&ved=0CAEQsCU




Production 

//upload.wikimedia.org/wikipedia/commons/9/93/Rareearth_production.svg


Production 

http://geology.com/articles/rare-earth-elements/ 



Metal $/kg Uses

La 15 Batteries (10 kg La in a Prius)

Ce 15 Catalytic Converter, Polishing

Pr 105 Alloys, Arc Lights, Welding Glasses

Nd 98 Magnets, Lasers

Sm 40 Magnets

Eu 4000 Phosphor (TV, CFLS)

Gd 210 Phosphor, Neutron Capture

Tb 2100 Phosphor, Alloys

Dy 1100 Lasers, Lighting

Ho 1000 Lasers, Magnets

Er 275 Lasers, Glass Colorant

Tm 4600-13000 Lasers, Portable XRay Sources

Yb 1000 Atomic Clocks, Stress Gauges

Lu 10000 Few (Catalyst)

Y 68 Phosphors, Synthetic Garnets

Sc 15000 Alloys, Lamps, Dental Lasers

Au 45000

DOE Critical 
Materials for 
Clean Energy 

US DOE Critical Materials Strategy, December 2011. 
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Bastnäsite 
(Ce, La)CO3F 

(Y, Ce)CO3F 
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Monozite 
monazite-Ce (Ce, La, Pr, Nd, Th, Y)PO4       monazite-Nd (Nd, La, Ce, Pr)PO4 
monazite-La (La, Ce, Nd, Pr)PO4              monazite-Sm (Sm, Gd, Ce, Th)PO4 
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precipitates 

Solvent 
Extraction 



Ce(IV) 

Eu(II) 

Yb(II) 

Sm(II) 
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k' on TODGA Resin vs. HCl
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Displacement Chromatography 





Cerium Removal 
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Iron Removal 
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Heavy Lanthanide Separations 
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Sc Separations (analysis) 
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