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Fig. 2. Abundance(atom fraction) of the chemical elements in Earth’s upper continental crust.
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(Cadmium), 4dlE Selenium) 5 FL2EL g
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o= o o] whont &3] Az7ex F =] Vel
Uy g 5 7 e BAEE 34En
At Fig 2). A7 F 2000 9] IEF 45
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=

Table 1. The Main REE Minerals

REO
Mineral Chemical Composition Contents,

wi%
Bastnaesite {(Ce,La}CO;)F 74.77
Monazite (Ce,La,Nd, Th)PO, 65.13
Xenotime (Y,Ce Er)PC, 61.40
Fergusonite YNbO, 39.94
Gaggarinite NaCaYFg 56.75
Gadolinite YFeBeSi;Oy 51.51
Euxenite (Y,Ce,Ca,U,Th)(Nb,Ta, Ti),0s  20.82
Yitrian Fluorite (CaY)F, 17.50
Parisite Ca(REE)(CO;);F, 60.89
Xingganite (YCe)BeSiOy(OH) 54.57

. REE,Ca,Y),(AlLFe*"

Allanite gSiO4)4(OH))2( )s <25
Apatite Cay(POy);(F,C1LLOH) 12
Britholite (REE,Ca)s(8i,PO)(OH,F) ~60
Ancylite SHREEXCO3),(OHH,0 47.98
Florencite (REE)AL;(PO4),(OH) 31.99
Halloysite ALSi,05(OH), <0.5

source; Rare Farth and Application

E ((Ce,LaNd, TWPO,), AlxE}Y (Xenotime, YPO,),
HrEUelE (REEYNDL,THO,), 283l ol F3H9
o] Soin, F9 FEL Table 13} 7},

22 MA S| ER

AAHez s|ER7} A&EEE 34 438 ¥ 7t
Huele|E (Carbonatite)y27121% (Alkaline Related
Rocks) & #4, 94 (Hydrothermal) 44}, ol &3
(lon Adsorption) & 47, &9 (Vein Type) ¥ &4,
AR (Placers) Bol &3] ¥ lvh (Elsevier,
2010).
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Table 2. Classification of REE deposits(Harald G. Dill)

L. Magmatic rare earth deposits
1) REE-P-Nb-Ta-Y-Y(be-Zr-Th) deposits related to
carbonatites
2) REE-P-Ti deposits related to alkaline igneous complexes
3) REE-U-Nb bearing pegmatites deposits
4) REE-Nb-P-F bearing hydrothermal iron deposits
5) Be-Y bearing alkaline intrusive rocks(nepheline syenite)
2. Structure related rare earth deposits
1) REE-F-Ba-Th bearing vein type deposits
3. Sedimentary rare earth deposits
1) REE-(Ti-P-Nb) residual deposits/placers on alkaline
igneous and carbonatite complexes
2)REE in bauxite
3) Alluvial to coastal REE placers
4) REE bearing phosphorites
5)Ion adsorption clays
6) REE bearing coals
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Fig. 3. Distribution of World Main Rare Earth Deposits.

=9 BayanObo (Baotou) 372 EHEX“’L e
FgdonA, REE-Nb-PFE $+sh=
olt} (Table 2). #AAEZ L bastnaesite, monazite,
aeschynite, orthite, apatite, parasite, huanghoite,
fergusonite,

xenotime, dagingshanite, chevkinite,
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_;\}2 ?}EI/}E}O]E%‘ Jé'*]’,i olg%;\iob} ?QXH:_ o}
FH FUE drEdo]
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bastnaesite, fluocerite’so] Itk (Fig. 3).
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EY JeFggozs 9% 750m, F 75m ER
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apatite 5o AE 5L Utk feviEle] SR ¥l
8t 589 oM FEEE WIEEE (dolomite,
siderite, ankerite etc. 30.1%), AHH4 (19.6%), 3
H 35%), 49 (123%), 448 (18.1%), TIARIE
(13.6%), 21314 (12.3%), daquingshanite (2.3%), 7€+
strontianite, barite, aegirine, columbite, allanite So]
AbEE T ),

HAROE oF 55070 01”94 FhivelelE vl
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T BAREAATANA AT QY o2 T3 &
Fe FERV FlE el 38 s e
FE Wl ERALTT FAE F4E Ao zA,
5 74, 334, EA, 4% A |
Atk o] FBe B2 53], BIEFIT TR A
S4olth Selle 3d JEFA M 790l 9L
v, e 2529, EXe ARAEAY, dRls
Adeozy $AYgL F2 HIERFE AL
t} (Henderson, 1982).
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23 M7 s|EFS ofEE W 3 M

SERF 949 A BEX F2 v|wd FRT Hol
AT, Ao FEe L OE FAd vg) 2
Hol| opJt}, mlFo|ut AAle] SEF AL U3
o7 M| Evt BiAEUAES} Zhe S EF FE
QU2 Ve, rlsoiy 99 uAEUXESL
ARz ANFY 5 = AA SEFALY dRE
< AABk k. W, A ) S| ERAe] S5
o|FHY 3, Hepd, S, Ak, ZE|X|ol, dol,
22|g7}, g5 $AA AEEE BURP|EE AF
2 F WA ERLER FHFEI ), Ade] &
©E P 2 4902 BuRlelE ] diEe Qe W
Abs B2 HEo|t}h, 1 9] IERAC I apatite,
cheralite, eudialyte, loparite, phosphorites, ¥8]|EHF
FE (©l& &), xenotime 5 & 4 3121} o}F
T AR g2 S EFAC] B zog Bl

nl= A AR (USGS) A= ofshd 20009 2
o MA FEFAL wFFS 99,000,00080F F
o] AAl gl oF 36%E Rt glew, HE
olo] CIS (19%), wl=F (13%) S°] A3tz Yok
(Table 3). T2 W&o = BayanObod/d<] v
g A Qe BE¥Ee o234 SEFA]

Table 3. World rare earth reserves and production

Country Main production Reserves(t)
2008 2009
China 120,000 120,000 36,000,000
CIS NA NA 19,000,000
United States - - 13,000,000
Australia - - 5,400,000
Brazil 650 650 48,000
Others Countries NA NA 22,000,000
S.Korea - - 800,000
World total 124,000 124,000 99,000,000

sources; Minerals information, 2010, USGS
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- ARSI 912m, BayanObog4t WRESELER]
E 3ol AiEe] fFHAUS AR Helrh

CIS=71e] 3EF e Aot g A
3kar glom, gAjo} Kolaitsdl] 9X18k= Lovozerod
a9 wiggo] olFEE A g} (Vlasov, 1966).
Lovozerod/gollX] 2A== S|ERFFER Eudyalite
((Nay(CaCe)y(Fe+2Mn+2Y +ZrSig045,(OHCI)y),
Loparite ((Ce,Na,Ca)(TiNb)Q3) 5o} TAHH, 90
v Fubrix] Agagol ZHeEIE Fito|th, =9 Af
4#& Mountain Pass34He] vfjdagoln, HiAEUR]
Eo} Fuxjo|ETL = S|ERHo[T]

3539 RS Mount Welde} Olympic Dam®|
v 3o}, Bapde] migge dote|dt f UM,
e @ Jehls 3ERA £24] Pyrochlore
Ul 358 JEFAYeR Azkdw, Bake) s
3 g FAE f¥os Az gyt '
F Al 3 0] e R JERLT
32 7]Ee s oF 800,0008 oo AN F 3l
o, AAFoR Reolz A& {EE oML & F
At} 2009390 AlA| SER ik 124,000EC2 o
FB Z3ox] AR ot B 4 e, F50] 3
EF A9 FEAIR 2AE ATORA FulEI
A7Rgolt AlpgAt Adol F wg FoE AR

24. MA 87 AZE

= U JEF A ¥ SUR 9E9] B
F uEF 7 283 AAE R A AlEY Az
7} 271 wel Awkd o ERY 1AL 45T
Ao R dFHr}.

20089% AAl SEF ANtEE JERF AsE
(Rare Earth Oxides, REQ)|1&E22 132,500%, &9
o2E 1759E2 HI Jr} (Table 4). A Ad
ol AAl ERF o 3 7 8-13%= TV $=
g, o] 717t =] o= 7+ ¢ 15%= Ft
g 9, 71ek Sk 8 Fke d 7 2-6%0] L
At} vl 7] SEHE AekigH, Yo 54 F
ke EZME d 7+ 10-15%2] 7Y, o vkl
Me 2-4%9 JEF Fa VI8 4 o,
AARCE HA B 8-11%Y JEF 871 /1%
7oz AWHAY (Table 4).

S22 AA SEF 5829 92-04%F AASIAL 3
, Zo] A=o] SERAIE AFH o= o] g3y
Ago] YT 7 FF FFdo] Ao FoEd A
AT}, olHF FHde] WL A FFol
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Table 4. Total world’s rare earths demand in 2000, 2008 & 2012

Item china Japan USA Others Total

2000 2008 2012* 2000 2008 2012* 2000 2008 2012* 2000 2008 2012* 2000 2008 2012*
Catalysts 2,000 10,750 15500 1,750 2,750 4,000 9,500 6,000 6250 4250 5000 5250 17,500 24,500 31,000
Glass 2,000 7,750 §000 6,500 3,000 2500 2,500 1,000 1,000 3,000 1,500 1,500 14,000 13,500 13,000
Polishing 2,000 8250 12250 4,000 5,500 6,000 2000 1,000 1,000 3,500 1,500 1,750 11,500 16,250 21,000
Metal alloys 5,500 15,500 33,500 2,750 5750 7,750 1,750 15500 2,000 2,500 1250 1,750 12,500 24,000 45,000
Magnets 3,500 22,000 37,500 3,500 5,000 6,000 1500 500 1250 2,000 750 1250 10,500 28250 46,000
Phosphors 1,000 6,000 9,000 2500 3,000 2500 500 500 750 2,000 500 750 6,000 10,000 13,000
Ceramics 750 2,750 4250 1250 2,500 3250 500 1250 1250 500 750 750 3,000 7250 9,500
Others 3250 7,000 8§500 500 1,500 2,000 150 250 500 100 300 500 4,000 9,000 11,500
Total 20,000 80,000 128,000 22,750 29,500 34,000 18400 12,000 14,000 17,850 11,500 13,500 79,000 132,500 190,000
source: Roskill

A=r2) BEF 2Rde] A Eo} vk 91T ARdE U ome AaEEe 5ol Aoh fEued 7o A

Hol Bj$ @712 BY Aoz oidr) FEad st 2Fo] mAlEl= o] H} (Table 5).
7 1087 AA SEF AR oF 50% 442 B JEFe] /e HER b, AE, Tl wet
=t (Table 5), o] 717Fet -2 25%14 °F 60% A 2o|7) ol AEF M| 74 Hlwe)] Mg
ol g AHE Hel Al SER ARE Fmala oty A17EE Aok it
olFT ABE TAE 201297A AA JER F JEFRS 7PEL BE 7} Y4HE MgEolu 25

QE &3] B 537F oF 8-11%¢] J 7} AAE

& B Aoz diEn. FEMe JEF Fas Table 6. Gross value of rare earth market, 2008
d 7k 10-15%, LB 35%, 71Et 71 2-4%2]

Gross value  Market

d 7F ARS 1e oz AR (Table 5). Item Value in average in$m. share, %
A S EF A9 & BAE g 400 BF Catalysts 3$/kg, REO 75 4%
3 ZAo|th (Table 5). Glass 2$/kg, REO 25 :;f

A7 oA % ol 5hm 3 A Polishing 5$/kg, REO 75 o
Ras - Magnets 25%/kg, REO 750 44%
Phosphors 508/kg, REO 500 29%

Table 5. Forecast world demand for each rare earth Ceramics 738/kg, REQ 20 3%

elements in 2012 Others 58/kg, REO 50 3%

- Total 13$/kg, REO, avg. 1600-1800 m$  100%

REO Demand Supply/Production Bastnisite concentrate, REO basis 5.51$(2008)

REQ, ton % REO, ton % Monazite concentrate, REO basis 0.54%(2007)

Lanthanum 54,000 28.0 59,000 27.0 Mischmetal, metal basis, metric 5-6$(2007)

Cerium 69,500 37.0 89,000 40.0 Rare earth chloride, kg 8.79%$(2006)

Praseodymium 7,000 40 10,500 5.0 Pr-Nd Mischmetal, kg 28.12%(2006)

Neodymium 39,000 20.0 36,000 16.0 Basic mischmetal, kg 10$(2006)

Samarium 2,000 1.0 4,500 2.0 Cerium compound, kg 2.8$(2007)

Europium 1,100 0.5 1,000 0.4 Ce-La metal(China), kg 5.5$(2007)

Gadolinium 200 0.1 3,500 1.6 Nd metal, metric ton 28.12%

Terbium 600 0.3 300 0.15 Dy metal, fo.b, kg 111%

Dysprosium 2,500 1.4 2,000 0.9 Sc oxides(99%)(3N)(4N), kg 7008, 1,4008, 1,500$(2007)

Erbium 850 0.5 1,000 0.4 Sc metal(99%)(3N), ingot 124%/gr

Y ttrium 13,000 7.0 12,000 5.5 Sc rod(3N), 2 gr 497%/$=10.0 mm

Ho-Tm-Yb-Lu 250 0.2 1,200 1.15 REO foil, 0.025 mm,argon ampoul  149$/25 mmx25 mm

Total 190,000 100.0 220,000 100.0 Yttrium, kg 5,500%

source: Roskill source: Roskill, USGS
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o= Axlepy, dslEdrhe 34 7Hgo] vl Hol
. SEFE ASHEoL % old% gL
A7t sht BuxiolEx B A rHHoR Agky
W, BUAolE o] AEl]] TR kgl 2 AE
3o o]9] FEF F4E YF0E Ausie 7
= =ET (Table 6).

Aol *P?é o] WFro A B ERT 53], ATt
ol Bo] &=etl, &, f2ld, A, 84,
Az 5o g “o} 22013 QIAIGE B wl=t Egs,
Eu} 2 Mz At AT Bo) 88l
At ojeid AFEL FERY HEAYN S O
g 2% golu # (foil)e} 22 5F 5= AME3IAL
glo} 2 7M. al g vl Holol, t]aZg AR (Dy)
9 F& 7P kgd 1115, &30 71He Mt
B 7}4o] kg G 7008, 270 4 7HAL R
g T 12480 23t} IERY A8% ¥ (o) 2
& B AFoEE 25mm25 mmE 1498 A=)
I o] AT AE, £%, 35 YIE T AL

w2 7k 2o|% ul-¢- At} (Table 6).

25, S=fel 018 g 3 He
&5 HERE YEA0R 29 doluals AFA,

AR, A7, e A 53 W AR E, og

T, A8 9lE] Sl o SV o &

A AER e wem HER AFS %«m

Table 7. Rare earth and it's application

SR

Z715ta Qe Ao, Aoy vleriulze] 4
34 F0) & Fart F7ME ASE 4 H, HE
F Qyapae] AHE 20129704 10%904 16% %
7Ft 50,000802 8 F7Pt odEd. A JE
79 8 F7hs dlBE= AHEAe] $48 NiIMH
yhellg) 2717) ddEs, NiMH dhdlele dEE, =
EE ¥EE DVD, CD, MP3, tix|g s}, 3y
o} 2e Fulg 71719 AR St AdE7] bl
£8 718 A & duh JEFRY A Tk
FAH g JPleE AR F7P dE, 3
EF AE AHShe WAL deshE e SEF
et AR F7P7F Sk (Kim, 1990, Yu, 2005).

A4 SER A BuixlolEdld] EElg (Th) &

o] F2 uAEVUAEES $8317 e, &

F 9 "y 2EESY] A *ZLETH str] 9]
3 Aduz Sy gl EXSS AT 3¢ 2y
AolEL] AR o & 5 hlt}.

A7 BERE AEHOR olfdhs A% A
g8l B9 ot 2t} (Table 7).

@ A3} sERF

BV EE 2AEe] EF IENIES TeE
g, 2 & TV Blegoht 7hjel, BAZ] & 3
4T AvAR AREEIUARE H2ols PC HDDY
vz, 44 f8 F e o g R Fa0t
=3 gl

elements alomic sym-bol chemical applications
number formula
Lanthanum 57 La La;0;  glasses, ceramics, catalyst (automobile), paint
Cerium 58 Ce Ce,O;  abrasive, glasses, catalyst, paint, mischmetals
Praseodymium 59 Pr PrgOp  ceramics ,glasses, paint
Neodymium 60 Nd Nd,O;  permenant magnetics, catalyst, IRfilter, glasses, laser
Promethium 61 Pm Pm,0; fluorescent substances, small nuclear power battery, measuring instrument
Samarium 62 Sm Sm,0;  permenant magnetic, microwave- filter, nuclear power
Europium 63 Eu Euw,O;  fluorescent substances
Gadolinium 64 Gd Gd,O;  optical measuring instrument, ceramics, glasses
Terbium 65 Tb ThsO;  fluorescent substances
Dysprosium 66 Dy Dy,0;  fluorescent substances, ceramics, nuclear power industry
Holmium 67 Ho Ho,0;  ceramics, laser, nuclear power industry
Erbium 68 Er Er;0O4 ceramics, optical fiber, laser ,nuclear power industry
Thulium 69 Tm TmyO;  electric beam tubes, medicals
Ytterbium 70 Yb Tb,0;  metallurgy, chemical industry
Letetium 71 Lu Lu,QO;  single crystal
Scandium 21 Sc Se, 03 alloy, electric beam tubes
Yitrium 39 Y Y,04 capacitors, fluorescent substances, sensors, radar, superconductors

source; Rare Earth and Application Technology
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el Gt F=te] S ERAFI /L FeEA] 3dn
2l 2009d] FAA thA] {7 A HE,
AA BEF ol87lee] Awmsel Uit sEFAY
B F5E TSR T ojEE wRIde FF
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