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Introduction to Rare Earth Elements (‘)(7

What are they? ( >
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Use of Individual Rare Earth Elements
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Usage of rare earth minerals by gigagrams (Gg). Credit: Xiaoyue Du and T. E. Graedel
InnovationNewsDaily Senior Writer Jeremy Hsu on Twitter @ScienceHsu

20.05.2011



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

Clean Air and Hybrid Car Technology

: BRUKER
Require REE
Al mportance and use of REE grows with inc
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National Security is Impacted by REE BRUKER

A Applications lack substitutes
A Linked to global supply chain

DOD Uses of REE (2010)

Element Use

La Night-Vision Goggles

MNd Laser Range Finders, Guidance systems, Communications

Eu Fluorescence and Phosphors in lamps and Monitors

Er Amplifiers in fiberoptic data transmission

Sm Permanent Magnets stable at high T

Sm Precision guiden weapons

Sm "Stealth"” technology )
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World REE Mineral Reserves and Production

BRUKER
Mine production® Reserves®
2009 2010

United States — — 13,000,000
Australia — — 1,600,000
Brazil 550 550 48,000
China 129,000 130,000 55,000,000
Commonwealth of Independent States NA NA 19,000,000
India 2,700 2,700 3,100,000
Malaysia 350 350 30,000
Other countries NA NA 22.000,000
World total (rounded) 133,000 130,000 110,000,000

2011 Estimate of Global Rare-Earth-Oxide Reserves U.S. Geological Survey, Mineral Commodity Summaries, January 2011

CIS H
s Global REE Production 1986-2009 (kt/year)
(16.7%)
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Non
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Sources: US Geological Survey, Technology Metals Research
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Chinese Era of REE Domination an

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

A 72% REE export reduction in 2010
A 35% REE export reduction in 2011

A Quota reduction officially to curb @Aramp
over the last few years, which has caused significant environmental
problems
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Chinese Mining Under Government Control BRUKER

A The New York Times reported that the Chinese Central Government is
pl acing all Aprovincial 0 districts wunder
and taking steps towards a fAiNational Rar

A US Government is pressuring China for assurance on exports; China is
leery of international commitments
A Most Chinese deposits are unique with very high concentrations of heavy
REE, suchas Sm and Dy, and lowest contamination of Th
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Demand and Production an
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Are Rare Earth Elements Rare? an

Rock-forming elements

» REE
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Where Can We Find REE? an

A -REE are relatively abundan
crust, but discovered mineable concentrations
are less common than other ores

A Main minerals within the ore resources are
bastnaesite and monazite

A Mineralizations are associated with:
Carbonatite complexes
Bauxite/ laterites

Absorbed in clays (  IAClays )
Magnetite

Uranium deposits

Vein (hydrothermal)

Placer (residual)

Peralkaline Igneous deposits

To Do Do Po Bo o Do I
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. ( < )
REE Ores and Minerals Are Very Complex BRUKER
LX)

Mineral category Principal minerals Mineral category Principal minerals
Host rock minerals ferroan dolomite Other carbonate benstonite, (Ca,Sr),Ba,Mg(CO,),,
Sr- and Mn-calcite minerals. norsethite, BaMg(CO,),
quartz barytocalcite, BaCa(CO,),
illite strontianite, SrCO,
biotite :
apatite Common gangue and fluorite
albite other minerals. barite
aegirine
REE ore minerals monazite, (Ce,La,Nd)PO, magnesio-arfvedsonite
bastnaesite, (Ce,La,Nd)(CO,)F magnesio-riebeckite
huanghoite, Ba(Ce,La,Nd)(CO,),F apatite
parisite, (Ce,La,Nd);Ca(CO,),F; phlogopite
cebaite, Ba,Ce,(CO,)F, microcline
albite
Nb (+ REE's) columbite, FeNb,O, e : 1
minerals. aeschynite, (Ce,Ca,Fe,Th)(Ti,Nb),(O,0H), :f:at't‘x]s:c(&a( 1'-:;34" RN,
fergusonite, YNbO, sk :
fersmite, (Ca,Ce,Na)(Nb, Ti),(O,0H,F), Sulfide gangue pyrite
pyrochlore, (Ca,Na),Nb,O,(OH,F) minerals. pyrrhotite
Nb-rutile sphalerite
: " galena
Fe ore minerals magnetite :
hematite i
martite
goethite
ilmenite
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The Instrument -Maker s Sol ut imn
(<

A What tools are there for the characterization of
minerals and ores?
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Mineralogical Analysis an

A Traditional mineralogical
analysis is done by microscopy
or phase separation

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

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

A There is a direct way to
identify minerals as well!
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http://www.bargainmicroscopes.com/category/products/polarizing-microscope/

Mineral Identification by XRD BRUKER

Unit cells | Powder diffraction patterns

Image from  www.wikipedia.org

s EEEEEEH BB EE N EEEE A BB EEEEEE

Monazite

Image: www.mindat.org \ min -2751.html
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What Kind of Information Can Be Obtained

. : BRUKER
From a Powder Diffraction Pattern?

dimension of the unit cell,
lattice parameters, space group

A Peak position

content of the unit cell,
atomic positions

A Peak intensity

A Peak broadening strain/crystallite size

A Scaling factor weight percent of phase

RN

A Background degree of crystallinity

20.05.2011



Powder Diffraction Basics
Sample BRUKER

Diffraction of an ideal powder

Diffraction of textured materials

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

20.05.2011




Detector Options for Mineral Analysis BRUKER

Point detectors

A Scintillation
detector

A XFlash® detector

Commonly used for
routine Rietveld
analysis with Bragg -

PSD Brentano geometry
A VANTEC-1 fl;lril%rllygipse%duality
A LYNXEYE control

Area detectors Can be used

A VANTEC-500

for Rietveld analysis
A VANTEC-2000

of small spots,

> micro -diffraction
mapping, non -ideal
powders
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Bastnhaesite

Ore Measured in D2 PHASER

R

D2//PHASER

A A

I

15

e N v
\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\‘\\\\‘\\\\\\

20

30

40 50 60

2-Theta - Scale

70

o Do Io Io Do Do

o Do Do Io Do I»

D2 PHASER

LYNXEYE detector with
5.6 opening and Ni filter

0.6 mm divergence slit

2.5 primary S oller,
4 secondary S oller

0.02 steps, 0.5 s/step
25 minutes

XFlash® detector
2 mm divergence slit
0.2 mm receiving slit

2.5 primary Soller,
2.5 secondary Soller

0.02 steps, 10 s/step
8 hours, 30 min
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REE Concentrate Measured in D2 PHASER

Phase ldentification with EVA

Lin (Counts)

6000

5000

4000

3000

2000

1000

|

Mw | LL&MMJJ
) M 1 N
10 20 30 40
2-Theta - Scale
File: sample 180071 0.6mm lynxeye 5.6dg 4dg soller_disc0.19.raw E01-071-2393 (C) - Strontianite - SrCO3

E00-011-0340 (1) - Bastnasite-(Ce) - CeCO3F

E00-038-04OO (1) - Hydroxylbastnasite-(Nd) - NdCO3(OH)

E01-083-0077 (C) - Synchysite-(Ce) - CeCaF(C03)2
00-046-1295 (1) - Monazite-(Ce) - (Ce,La,Nd)PO4

["]00-036-0426 (*) - Dolomite - CaMg(CO3)2
00-005-0586 (*) - Calcite, syn - CaCO3

D2 /PHASER
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D2 PHASER

LYNXEYE detector with
5.6 opening and Ni
filter

0.6 mm divergence slit

2.5 primary Soller,
4 secondary S oller

0.02 steps, 0.5 s/step
25 minutes



Phase Identification Using DIFFRAC.EVA
Software and Elements as Filter Criteria BRUKER
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Phase Identification Using DIFFRAC.EVA

Software BRUKER
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Element Identification Using D2 PHASER with
XFlash® Detector, Bastnaesite Deposit

el D:molycorp1§0066 45dg incident 2mm div 1mm det.spx
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Element Identification Using D2 PHASER with
XFlash® Detector, Concentrate BRUKER
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Quantitative Mineral Analysis Using X -ray (<)
Diffraction BRUKER

Standard -based methods

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

A Reference 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)

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

Standardless methods

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

20.05.2011



The Rietveld Method BRUKER

Standardless full - profile approach to quantitative phase analysis

Uses every data point as a unique observation and least -squares methods to
minimize the difference between calculated and measured intensities

A Residual of Least Square Refinement

To o

R = @Ii(yi T yc;)?

Rietveld Analysis requires:

A The crystal structure data for every phase ina mixture (unit cell and atomic
positions )

A A model for the peak shapes and widths and a model for any aberrations

A 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:

W =S (ZMV), / 4, S, ZMV),

W, 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 (A 3).
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Bastnaesite Deposit

Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit

Quantitative Analysis Using TOPAS Software

|ﬁ TOPAS - C:\Documents and Settings\Holger.Cordes\Desktop\ree\sample 130066.pro - [sample 180066 0. 6mm lynxeye 5. 6dg 4dg soller_disc0.1% raw_1] u[ﬂ]ﬁ|
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Bastnaesite Deposit
Quantitative Analysis Using TOPAS Software
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Bastnaesite Deposit

L : , BRUKER
Quantitative Analysis Using TOPAS Software
|‘3 TOPAS - C:\Documents and Settings\Holger.Cordes\Desktop\ree\sample 180066.pro - [sample 180066 0.6mm lynxeye 5. 6dg 4dg soller_disc0.1%.raw_1] uwﬂ

File  “iew Fit Launch Tools  “window  Help

DA Hde A AV RL oL E W bl Wl

HEBEDN - 8 x

1401 Bastnaesite (Ce) 5.56 %
1301 Barite 23.61 %
Calcite 60.33 %
1207 Dolomite 4.74 %
110 Monazite (Ce) 1.73 %
100+ Quartz 4.04 %
90-
80-
70-
60-
50- |
40- |
30 '
2071 b I R Loty e Nt |||| W ||' " bl b hb LY ol ||||I|I | I|| ||||| |‘h||||||||||“|| W I||'|||I |||”| IIIII\I'I II|||||||”||||| "ll ||| & ||||||||r ﬁlll'lll Wi
-30 A . | - s .” o I|I| ﬁl 1 I)‘lI ! fi i : l.' it UL A |+IL o |||||||||ﬁ Imxlll‘hl 1] I!|| Illllllllllllllhfmllllﬁ‘ |||rhllﬁflf||* |ﬁ|“| ||||||‘ﬁIY1I|| ||||||1Jn|||| I‘hllllllllmilllll I Illmlﬁrﬁﬁm%ﬁln IJhllllff‘hﬁ l.
20 25 30 35 40 45 50 59 60 65 70 75 80 85 9(
[ [ x=77.46758 | Sqrt(y)= 1166819 [ d=1.231092

20.05.2011



Bastnaesite Deposit
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