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Rare Earth Oxides,
1950 – 2000
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REE Mineral ReservesREE Mineral Reserves

United States
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REE Mineral Production 2003REE Mineral Production 2003
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Rare Earth OresRare Earth Ores

�� BastnBastnääsitesite--((CeCe)) ((CeCeCeCeCeCeCeCe, La, , La, , La, , La, , La, , La, , La, , La, NdNdNdNdNdNdNdNd, Pr)(CO, Pr)(CO, Pr)(CO, Pr)(CO, Pr)(CO, Pr)(CO, Pr)(CO, Pr)(CO33333333)F)F)F)F)F)F)F)F

�� MonaziteMonazite--((CeCe)) ((CeCeCeCeCeCeCeCe, La, , La, , La, , La, , La, , La, , La, , La, NdNdNdNdNdNdNdNd, Th)PO, Th)PO, Th)PO, Th)PO, Th)PO, Th)PO, Th)PO, Th)PO44444444

�� XenotimeXenotime--(Y)(Y) YPOYPOYPOYPOYPOYPOYPOYPO44444444

�� LopariteLoparite--((CeCe)) ((CeCeCeCeCeCeCeCe, Na, Ca)(Ti, Nb)O, Na, Ca)(Ti, Nb)O, Na, Ca)(Ti, Nb)O, Na, Ca)(Ti, Nb)O, Na, Ca)(Ti, Nb)O, Na, Ca)(Ti, Nb)O, Na, Ca)(Ti, Nb)O, Na, Ca)(Ti, Nb)O33333333

�� Lateritic oreLateritic ore REE ions absorbed on clayREE ions absorbed on clayREE ions absorbed on clayREE ions absorbed on clayREE ions absorbed on clayREE ions absorbed on clayREE ions absorbed on clayREE ions absorbed on clay

�� ion absorption clay Yion absorption clay Y--richrich

�� ion absorption clay La, ion absorption clay La, NdNd--richrich



BastnBastnääsitesite
Mountain Pass, CAMountain Pass, CA

Weight Percent of Total Recovered REE:

Bastnasite (Mountain Pass, CA) 
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MonaziteMonazite
AustraliaAustralia

Weight Percent of Total Recovered REE:

Monazite (Australian)
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LopariteLoparite
RussiaRussia

Weight Percent of Total Recovered REE:

Loparite (Russia)
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XenotimeXenotime
MalaysiaMalaysia

Weight Percent Of Total Recovered REE:

Xenotime (Malaysian)
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Lateritic OreLateritic Ore
LongnanLongnan, Jiangxi Province, China, Jiangxi Province, China

Weight Percent of Total Recovered REE:

Longnan Lateritic Ore (China)

Y

Dy La
Ce

Pr

Sm
Nd

Tm

Er

Ho

Eu

Tb

Gd

Yb
Lu



Lateritic OreLateritic Ore
XunwuXunwu, Jiangxi Province, China, Jiangxi Province, China

Weight Percent of Total Recovered REE:

Xunwu Lateritic Ore (China)
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Principal RarePrincipal Rare--Earth DepositsEarth Deposits

�� BastnBastnääsitesite
�� Mountain Pass, CA, USAMountain Pass, CA, USA

�� BayanBayan Obo, Inner Mongolia, ChinaObo, Inner Mongolia, China

�� MianningMianning, Sichuan Province, China, Sichuan Province, China

�� WeishanWeishan Lake, Shandong Province, ChinaLake, Shandong Province, China

�� MonaziteMonazite
�� KeralaKerala State, Tamil State, Tamil NaduNadu State, and State, and OrissaOrissa State, IndiaState, India

�� Lateritic ionLateritic ion--absorption clayabsorption clay
�� Xunwu, Jiangxi Province, ChinaXunwu, Jiangxi Province, China

�� Longnan, Jiangxi Province, ChinaLongnan, Jiangxi Province, China

�� LopariteLoparite
�� LovozeroLovozero, Kola Peninsula, Russia, Kola Peninsula, Russia



Rare Earth World ProductionRare Earth World Production

and U.S. Importsand U.S. Imports
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AIM AIM ––9X Sidewinder9X Sidewinder



AIMAIM--54A  Phoenix54A  Phoenix



AIMAIM--120 AMRAAM 120 AMRAAM 



AIMAIM--120 120 

AMRAAM missile launchAMRAAM missile launch



BGMBGM--109 Tomahawk Cruise missile109 Tomahawk Cruise missile



Smart Smart 

bombsbombs

(JDAM)(JDAM)

JointJoint

DirectDirect

AttackAttack

Munitions Munitions 



Nd:YAG designatorNd:YAG designator--rangefinder laserrangefinder laser



Laser targeting system on Laser targeting system on 

Abrams M1A1 tankAbrams M1A1 tank



FF--15 with yttria15 with yttria--stabilized zirconiastabilized zirconia



FF--16 Avionics with REE phosphors16 Avionics with REE phosphors



Sonar transducers for submarinesSonar transducers for submarines



Radar surveillanceRadar surveillance



Electronic WarfareElectronic Warfare

�� ELINT ELINT –– Electronic IntelligenceElectronic Intelligence

�� ECM ECM –– Electronic CountermeasuresElectronic Countermeasures

�� Support JammingSupport Jamming

�� SelfSelf--Protect JammingProtect Jamming

�� ESM ESM –– Electronic SurveillanceElectronic Surveillance

�� Use Yttrium Iron Garnets (YIG) and Yttrium Use Yttrium Iron Garnets (YIG) and Yttrium 

Gadolinium Garnets (YGG) Gadolinium Garnets (YGG) 



Ferrite-Enabled

Defense Systems

• PhasedPhased--Array RadarsArray Radars

Patriot, Aegis, BPatriot, Aegis, B--1B, Joint STARS, SPQ1B, Joint STARS, SPQ--9B9B

•• Communication SatellitesCommunication Satellites

DSCS III, MILSTAR, Advanced EHF, ClassifiedDSCS III, MILSTAR, Advanced EHF, Classified

•• Communication SystemsCommunication Systems

FF--22 Intra22 Intra--Flight Data Link, Dark Star UAV Data LinkFlight Data Link, Dark Star UAV Data Link

Potential JSF, UCAV, etc.Potential JSF, UCAV, etc.

•• ECM SystemsECM Systems

ALQALQ--172 (B172 (B--52, AC52, AC--130), ALQ130), ALQ--178 (F178 (F--16)16)

ALQALQ--211 (AH211 (AH--64D, MH64D, MH--47, MH47, MH--60, CV60, CV--22)22)



Patriot phasedPatriot phased--array defensearray defense

system         system         



Rare Earths are used in DefenseRare Earths are used in Defense

every secondevery second……24/724/7


