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Todayôs Topics

Å Introduction to the Rare 
Earth Elements

Å What, where, and 
other important facts

Å Economics and uses 

Å Deposits, resources 
and production

Å Analytical Tools 

Å Mineralogical 
Analysis

Å Chemical Analysis
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Introduction to Rare Earth Elements
What are they?

Rare Earth Elements (REE) are a group 
of chemical elements that occur 
together in the periodic table: 
15 Lanthanide elements + Sc and Y

REE are soft, malleable, ductile and 
usually quite reactive metals.

MP range from 798 to 1663 deg C
(CORDIER & HEDRICK, 2010)

All REE are classified as metals. 
Chemical properties are similar and 
often all of them occur together in 
the same minerals.
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Use of Individual Rare Earth Elements 

Usage of rare earth minerals by gigagrams (Gg). Credit: Xiaoyue Du and T. E. Graedel

InnovationNewsDaily Senior Writer Jeremy Hsu on Twitter @ScienceHsu

http://www.innovationnewsdaily.com/
http://twitter.com/
http://twitter.com/


Å Importance and use of REE grows with increased use of ñbatteryò and 
ñClean Airò related technology

Clean Air and Hybrid Car Technology
Require REE

© GM 2011
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Å Applications lack substitutes

Å Linked to global supply chain 

National Security is Impacted by REE
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World REE Mineral Reserves and Production
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U.S. Geological Survey, Mineral Commodity Summaries, January 2011



Å In 2010, China announced it would significantly restrict REE exports to 
ensure supply for Chinese domestic manufacturing 

Å 72% REE export reduction in 2010

Å 35% REE export reduction in 2011

Å Quota reduction officially to curb ñrampant and unregulatedò production 
over the last few years, which has caused significant environmental 
problems

Chinese Era of REE Domination
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Å The New York Times reported that the Chinese Central Government is 
placing all ñprovincialò districts under oversight, removing local officials 
and taking steps towards a ñNational Rare Earth Mining Areaò

Å US Government is pressuring China for assurance on exports; China is 
leery of international commitments 

Å Most Chinese deposits are unique with very high concentrations of heavy 
REE, such as Sm and Dy , and lowest contamination of Th
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Chinese Mining Under Government Control
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Demand and Production



Are Rare Earth Elements Rare?
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REE



Where Can We Find REE?
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Å REE are relatively abundant in the earthôs 
crust, but discovered mineable concentrations 
are less common than other ores

Å Main minerals within the ore resources are 
bastnaesite and monazite

Å Mineralizations are associated with:

Å Carbonatite complexes

Å Bauxite/ laterites

Å Absorbed in clays ( IAClays )

Å Magnetite

Å Uranium deposits

Å Vein (hydrothermal)

Å Placer (residual) 

Å Peralkaline Igneous deposits



REE Ores and Minerals Are Very Complex
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Å What tools are there for the characterization of 
minerals and ores? 

The Instrument -Makersô Solutions
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Å Traditional mineralogical 
analysis is done by microscopy 
or phase separation

Å Shape, color, symmetry, 
refractive index, etc.

Å For complex rocks, an electron 
microprobe is used, combining 
imaging with elemental 
analysis

Å There is a direct way to 
identify minerals as well!

Mineralogical Analysis
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http://www.bargainmicroscopes.com/category/products/polarizing-microscope/


Mineral Identification by XRD
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Image: www.mindat.org \ min -2751.html

Image from www.wikipedia.org

Unit cells Powder diffraction patterns
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What Kind of Information Can Be Obtained 
From a Powder Diffraction Pattern?

Å Peak position dimension of the unit cell,                         
lattice parameters, space group 

Å Peak intensity content of the unit cell, 
atomic positions

Å Peak broadening strain/crystallite size

Å Scaling factor weight percent of phase 

Å Background degree of crystallinity
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Powder Diffraction Basics
Sample

Diffraction of an ideal powder

Diffraction of a small number 
of crystallites ("spotiness effect")

Diffraction of textured materials
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Point detectors 
ÅScintillation 

detector
ÅXFlash ® detector 

PSD
ÅVÅNTEC-1
ÅLYNXEYE

Area detectors
ÅVÅNTEC-500
ÅVÅNTEC-2000 

Detector Options for Mineral Analysis

Commonly used for 
routine Rietveld 
analysis with Bragg -
Brentano geometry

Can be used 
for Rietveld analysis
of small spots,
micro -diffraction , 
mapping, non - ideal 
powders

High speed 
analysis, quality 
control
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Bastnaesite Ore Measured in D2 PHASER

Å D2 PHASER

Å LYNXEYE detector with 
5.6 ōpening and Ni filter

Å 0.6 mm divergence slit

Å 2.5 p̄rimary S oller , 
4 s̄econdary S oller

Å 0.02 s̄teps, 0.5 s/step

Å 25 minutes

Å XFlash ® detector 

Å 2 mm divergence slit

Å 0.2 mm receiving slit

Å 2.5 p̄rimary Soller, 
2.5 s̄econdary Soller

Å 0.02 s̄teps, 10 s/step

Å 8 hours, 30 min
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REE Concentrate Measured in D2 PHASER
Phase Identification with EVA 

Å D2 PHASER 

Å LYNXEYE detector with 
5.6 ōpening and Ni 
filter

Å 0.6 mm divergence slit

Å 2.5 p̄rimary Soller , 
4 s̄econdary S oller

Å 0.02 s̄teps, 0.5 s/step

Å 25 minutes

00-005-0586 (*) - Calcite, syn - CaCO3

00-036-0426 (*) - Dolomite - CaMg(CO3)2

01-071-2393 (C) - Strontianite - SrCO3

00-046-1295 (I) - Monazite-(Ce) - (Ce,La,Nd)PO4

01-083-0077 (C) - Synchysite-(Ce) - CeCaF(CO3)2

00-038-0400 (I) - Hydroxylbastnasite-(Nd) - NdCO3(OH)

00-011-0340 (I) - Bastnasite-(Ce) - CeCO3F

File: sample 180071 0.6mm lynxeye 5.6dg 4dg soller_disc0.19.raw
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Phase Identification Using DIFFRAC.EVA 
Software and Elements as Filter Criteria
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Phase Identification Using DIFFRAC.EVA 
Software
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Element Identification Using D2 PHASER with 
XFlash ® Detector, Bastnaesite Deposit

Å Collected at 45 ¯

incident angle for 

10 minutes

Å Ce and Nd can be 
identified, possibly Pr 
and very minor Y
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Element Identification Using D2 PHASER with 
XFlash ® Detector, Concentrate

Å Collected at 45 ¯

incident angle for 

10 minutes

Å La, Ce, Pr, Nd, Sm
can be distinguished
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Quantitative Mineral Analysis Using X - ray 
Diffraction

Standard -based methods

ÅConventional method (DQuant): 
Calibration curve with standards required, mostly used for quality 
control, accurate but problematic with peak overlap between phases

ÅReference intensity ratio method: 
Quick semi -quantitative method for many minerals using the I/Icor 
values from the ICDD database (can be done in EVA program)

ÅFull pattern analysis: 
Scaling of full patterns of standard minerals, very consistent sample 
preparation and standard minerals necessary

Standardless methods

ÅRietveld analysis with TOPAS: standard - less , peak overlap between 
phases can be resolved, all crystal structures have to be known
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The Rietveld Method

Å Standardless full -profile approach to quantitative phase analysis
Å Uses every data point as a unique observation and least -squares methods to 

minimize the difference between calculated and measured intensities
Å Residual of Least Square Refinement

R = Ǵ w i(y i ïyc i)
2

Rietveld Analysis requires: 
Å The crystal structure data for every phase in a mixture (unit cell and atomic

positions ) 
Å A model for the peak shapes and widths and a model for any aberrations
Å A model for the background

The relative masses of all phases contributing to the diffraction pattern can be derived
from the refinement using the simple relationship:

Wr = Sr (ZMV) r / ät St (ZMV) t

Wr is the relative weight fraction of phase r in a mixture of t phases
S is the scale factor derived from Rietveld refinement
Z is the number of formula units per unit cell
M is the mass of the formula unit (atomic mass units)
V is the volume of the unit cell (Å 3 ). 
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Bastnaesite Deposit 
Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit
Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit
Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit
Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit
Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit
Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit
Quantitative Analysis Using TOPAS Software
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Concentrate
Quantitative Analysis Using TOPAS Software
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Solid Solution Effects
Schematical Representation
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