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Table 1-2 Applications of REE as functional materials{-2.

Atomic Name Atomic Applications
No. symbol
21  Scandium Sc Al-Sc alloy, Metal halide lamp (Scls)
39  Yttrium Y Phosphor, Magneto-optical recording media
57  Lanthanum La Battery, Hydrogen storage alloy, Sensor
58  Cerium Ce Glass, Catalyst, Phosphor

59  Praseodymium  Pr Magnet (ProFe14B)
60  Neodymium Nd Magnet (Nd,Fe1,B), Laser (YAG: Nd**)

61  Promethium Pm Radiation source

62  Samarium Sm Magnet (SmCos, Sm,C017, SmaFe1oN7 3)

63  Europium Eu Phosphor, Reactor materials

64  Gadolinium Gd Magneto-optical recording media, Reactor materials
65  Terbium Tb Magnetostrictive materials, Phosphor

66  Dysprosium Dy Magnet, Magnetostrictive materials

67  Holmium Ho Solar cell

68  Erbium Er Phosphor, Superconducting material

69  Thulium Tm  Superconducting material

70  Ytterbium Yb Phosphor, Radiation source, Optics materials
71 Lutetium Lu Emitter, Catalyst
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Table 1-3 Abundance of the elements in the earth’s crust®!.

Atomic Content in Atomic Content in

Rank Element  the earth's crust Rank Element  the earth's crust

number number
(%) (%)

1 8 0 46.60 40 62 Sm 6.0x10
2 14 Si 27.72 41 64 Gd 5.4x10™
3 13 Al 8.13 42 66 Dy 4.8x10™
4 26 Fe 5.00 43 70 Yb 3.0x10™
5 20 Ca 3.63 44 72 Hf 3.0x10™
6 11 Na 2.83 45 55 Cs 3.0x10*
7 19 K 2.59 46 68 Er 2.8x10™
8 12 Mg 2.09 47 4 Be 2.8x10*
9 22 Ti 0.44 48 35 Br 2.5x10™
10 1 H 0.14 49 50 Sn 2.0x10™
11 15 P 0.105 50 73 Ta 2.0x10*
12 25 Mn 0.095 51 92 U 1.8x10*
13 9 F 0.0625 52 33 As 1.8x10™
14 56 Ba 0.0425 53 42 Mo 1.5x10*
15 38 Sr 0.0375 54 32 Ge 1.5x10™
16 16 S 0.026 55 74 W 1.5x10™
17 6 C 0.020 56 63 Eu 1.2x10*
18 40 Zr 0.0165 57 67 Ho 1.2x10*
19 23 \Y; 0.0135 58 65 Tb 8 x10°
20 17 cl 0.013 59 53 I 5 x10°
21 24 Cr 0.01 60 69 Tm 5 x10°
22 37 Rb 9 x10° 61 71 Lu 5 x10°
23 28 Ni 7.5x10° 62 81 Tl 5 x10°
24 30 Zn 7.0x10° 63 48 Cd 2 x10°
25 58 Ce 6.0x10° 64 51 Sb 2 x10°
26 29 Cu 5.5x10° 65 83 Bi 2 x10°
27 39 Y 3.3x10° 66 49 In 1 x10°
28 57 La 3.0x103 67 80 Hg 8 x10°
29 60 Nd 2.8x10° 68 47 Ag 7 x10°
30 27 Co 2.5x10° 69 34 Se 5 x10°
31 21 Sc 2.2x10° 70 44 Ru 1 x10°
32 3 Li 2.0x10° 71 46 Pd 1 x10°
33 7 N 2.0x10° 72 52 Te 1 x10°
34 41 Nb 2 x10° 73 78 Pt 1 x10°
35 31 Ga 1.5x107 74 45 Rh 5 x107
36 82 Pb 1.3x107 75 79 Au 4 x107
37 5 B 1 x10° 76 75 Re 1 x107
38 59 Pr 8.2x10™ 77 76 Os 1 x10”7
39 90 Th 7.2x10™ 78 77 Ir 1 x107
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Table 1-4 Representative minerals for REE[ 561,

Percentage of each RE oxides among all of RE oxides
in the representative minerals for REE, (mass%)

lon adsorption ore*

Bastnaesite® Monazite” Xenotime®
(lon clay)
La,04 33.2 21.5 1.24 1.82
CeO, 49.1 45.8 3.13 0.37
PrOy, 4.34 5.3 0.49 0.74
Nd,O4 12.0 18.6 1.59 3.00
Sm,04 0.789 3.1 1.14 2.82
Eu,04 0.118 0.8 0.01 0.12
Gd,04 0.166 1.8 3.47 6.85
Th,04 0.0159 0.29 0.91 1.29
Dy,04 0.0312 0.64 8.32 6.67
Ho,0, 0.0051 0.12 1.98 1.64
Er,0O4 0.0035 0.18 6.43 4.85
Tm,04 0.0009 0.03 1.12 0.70
Yb,0; 0.0006 0.11 6.77 2.46
Lu,0O4 0.0001 0.01 0.99 0.36
Y,04 0.0913 2.5 61.0 65.00

a: Produced from Mountain Pass, U.S.A. .
b: Produced from North Stradbroke Island, Australia.
c: Produced from Lahat Perak, Malaysia.

d: Produced from Longnan,

China.
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Table 1-5 Export regulation of REE by Chinese government(®-9],

Year Month Regulatory action
1997 Set export licence system for rare earth products
Prohibit foreign investment in mining development or
2002 separation-and-refinement of rare earths
2004 1 Abolish value added tax refund for the export of rare earth ore
2005 5 Abolish value added tax refund for the export of rare earth oxides
5 Prohibit consignment manufacturing trade for rare earth products

2006 Reducce export licence for rare earths

11 Impose export taxes of 10% for rare earth oxides and compounds
2007 6 Impose export taxes of 10% for rare earth metals
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Fig. 1-2 Change in amount of production of REEI®],
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Import price of REE, X (US$ / kg, CIF Japan)
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Nd-Fe-B magnet scrap
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Fig. 1-8 Recovery of Nd from Nd—Fe—B magnet scrap by
utilizing hydrometallurgical process(*®.
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Nd-Fe-B magnet scrap  Salt as flux (MF,) <
il +M: REE, Ca, Li, Ba, etc.)
Remelting
l Flux recovery
Nd-Fe-B alloy + MF, + Slag (NdO,) 7y
A 4
Metal / slag separation —> Slag (NdO,) + MF,
Nd-Fe-B alloy + MF, (Reduction of
NdO, in slag)
A 4
Flux removal / refining —> MF,
Nd-Fe-B alloy

Fig. 1-9 Recovery of Nd from Nd—Fe—B magnet scrap based
on the remelting of the magnet scrapl’-1°],
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Nd-Fe—-B magnet scrap Metal M <
(M: Mg, Ag)

A\ 4 A

Nd and Dy extraction by molten M
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Fig. 1-10 Recovery of Nd from Nd—-Fe—B magnet scrap utilizing
molten metal as an extraction medium[?2-23],
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Dy-containing Nd—Fe—B magnet scrap
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Fig. 1-11 Recovery of REE from Nd—Fe—B magnet scrap by utilizing
molten salt as an extraction medium.
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