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Fig.1 Abundance of elements in the earth crust [1]
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2.13 16
AW
-

o 20
215 5

8
. o " ] éb
e Placer deposits m Deposits in sedimentary rocks
o Veins in metamorphic rocks
a Deposits in carbonatites and alkaline rocks

(1973) Rare earth deposit

1: Malaysia Singkep, 2. Indonesia, Billit and Bangka, 3. Taiwan, 4 Korea, 5 \Western Australia, 6. Mary Kathleen
Mine, 7. Radium Hill, 8. New South Wales, 9. Bear Valley,10. Mountain Pass, 11.Music Valley, 12 Mineral
Hill/Lenhi Pass, 13. Bald Mountain, 14. Powderhorn, Wet mountains, 15. Galllinas Mountains, 16, Blind River/Elliot
Lake, 17. Piedmont, 18. Atrantic Coast placer deposits, 19. Dover, 20, Oka, 21. Mineville, 22. Bolivia, Llallagua, 23.
Uruguay, Atlanida, 24. Brazil, Araxa, 25. Morro do Ferro, 26.Espirito Santo, 27. Nigeria, Jos Plateau, 28.South
Africa, Steenkampskraal, 29. Glenover, 30. Zaire, Shinkolobwe, 31. Burundi, Karonge, 32. Tanzania, Panda Hill, 33.
Malawi, Kangakunde Hill, 34. Egypt, Nile Delta, 35. Kenya, Mrima, 36 CIS, .Kola Peninsula, 37. Madagascar, 38.
CIS, Vishnevye Mountains, 39. India, Kerala, 40. Sri Lanka, 41. Bihar and Bengal, 42 Madagascar, ltremo, 43.
Bophuthatswana, Pilanesberg, 44. Tanzania, Wigu Hill, 45. Mauretania, Bon Naga, 46. Liberia, Monrovia, 47.
Norway, Fen, 48. Finland, Kangasala, 49. Inner Mongolia, Bayan Obo, 50. Australia, Roxby Downs.

(from Handbook of extractive metallurgy, Vol.3, Wiley-VCH, 1997)
Fig.2. Rare earth deposit distribution in the world (1973) [2]

Others
9%

Russia Others
2 2%

India

viet Nam China
17% 34%
Austraria
10%
Total
Malaysia 120 million t 0.21million t
0% (2016,2018 (2019)
USGS)
USA
N 12% China
razi 0,
17% i 64%
Russia
India 14%
5%
(A)Reserves (B) Production in 2019
Fig.3. (A) Rare earth reserves ratio Fig.3. (B) Rare earth ore production ratio
for countries of the world in 2018. (from for countries of the world in 2019. [4,5]

United States Geological Survey
(USGS) in 2016 and 2018) [3].

10
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Fig.4. Change of rare earth production ratio for countries of the world [3,4]

Table 1. Several rare earth minerals chemical composition and thorium existence [6].

Rare earth minerals

— Mineral —1— Chemical composition —owa ] Th content
Aeschynite (La. Ca, Fe. ThXTi Nb). (D, OH), 36 O
Ancylite SrLa(CO,), (OH)-H.0 =

Apatite Ca,(PO,), (F. CL. OHD o

Bast nasite LaCO.F 76

Ce rianite (Ce, ThYO,, 81 o
Cheralite (La, Ca. ThX{(PSi)0, 5 o
Chevkinite (Ce, Ca, Th), (Fe, Mg)Ti, Fe. Mg), na. o
Churchiite YPO,- ZH-0 24

Euxenite (La, Ca, U, ThX(Nb_ Ta, Ti), O, C40% o
Fergusonite La(Nb. Ti)0, 17

Loparite (La, Na, Ca¥Ti, Nb)O, 16

Monazite (La, TMPO, 7 )
Thalenite Y35i:0,, (OH 69%

X¥enotime YPO, 61 %

+. n.a s not available

Radioactive Th or U is included in some
rare earth minerals .

(From Y. Nishikawa)
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Overview of Rare earth resources in China

° *
®
2=
*
° . o %
Mixed bastnaesite and monazite light rare o . O. &
earth deposit o o e &' % 3
. The unexploited mixed type of bastnaesite and e o ¢%°
" monazite light rare earth deposit -
L]
» lon type, phosphite and other medium and i
heavy rare earth deposits l g
~ Medium and heavy rare earth deposits such as ion type and -

~ phosphite have not been exploited
Fig.5. Rare earth deposit in China (2020) [ 7]
Table 2. Production ratio of rare earth and price of rare earth oxide [4]

(2010 data) (2021 November data)
Price

REO Price
(US$/kg)

Rare Earth Oxide % REO Volume
(REO) contained | (tonnes)

Lanthanum 1974% | 3 3948 $22.50 400 ] 3.5
Cerium 47.53% | ] 9,506 $21.00 430 3.8
Praseodymium’® 580% | 1164 #4875 11000 97.3 3
Neodymium® 21.20% | 2 4,240 $4275 14000 1239 2
Samartum 2.37% 474 $18.25 430 3.8
Eurapium” 0.40% 80 2 $550.00 4,000 354
Gadolinium 1.00% 20  $255 5000 53.1
Dysprosium® 0.33% 6 3%8800 52 000 460.2 1
Terbium® 0.08% 6 1ssss0 2500 22.1
Yitrim® 1.32% 264 $2550 1000 90.9
Others 0.21%% 42

100.00% 20,000 $30.97
Source: Arafura Resources wet
The Australian Mineral Exploration Investment Seminar 2010
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Fig.6 (A) Distribution of average rare earth contents for surface sediments (<2m in

depth) in Pacific Ocean [8].

120°E
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130°E 150°E
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" Deep-sea mud
containing over
5,000ppm total
REY content
was discovered
in the western
North Pacifc
Ocean near
Minamitorishima
Island, Japan, in
2013

30°N

Fig.6(B) Locality and bathymetric maps of the research area to analyze rare earth content [9].
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Table 3. Elements in cobalt rich crust

(Sources: Alibaba.com HP; Kitco Ltd HP; LME HP; Lynas Ltd HP)

Manganese (Mn)
Cobalt (Co)
Vanadiom (V)
Niclkel (Ni)
Platimum (Pt)
Molybdermm (Mo)
Zirconium {(Zr)
Neodymium (Nd)

Cerum (Ce)w

Tellorium (Te) ™\

Terbium (Th) w_ ™

Tungsten (W)

Copper (Cu)

Europmum (Eu)

Dysprosum (Dy) | ¥
Praseodymium (Pr)
Lanthanum (La) _

Total

\.'\

“~"Rare earth

Mean Content in
Cobalt-Rich Crust

(o'ton)

193,000
5.800
459.18
4,700
0.73
456
5549
426
1.182.23
215
D39
86.67
800
7.21
20
762
116.8

Table 4. Quantitative analysis of bottom ash, bauxite residue, lignite ash, refuse ash and biomass
ash after incineration [12].

Metal concentration, ("0)

Rare earth concentration, (ppm)

Metals

MgO
AlOy
Si0,
P20s
S04
Cl
K;0
Ca0
TiO,
Cryy
MnO
Fes04
Cu
Zn

b 8
Y
La
Ce
Pr
Nd
Sm
I u
G
T
Dy
Ho
Er
Tm
Yb
Lu

Sources

BA-100 ym  BA +100-500 pm
053 063
8.18 7.87
14.21 18.20
1.54 212
1.60 1.26
1.19 0.84
1.86 218
49.02 IR.78
3.76 3.57
.26 0.33
.46 0.56
1258 19.25
1.14 1.9
2.30 204
5.00 4.00
5.00 6.00
14.00 13.00
32.00 30,00

1467.00 1607.00
4.00 4.00
4.00 4.00

Present work

Bauxite Residue
NA
23,60
10.20

121.00
76.00
114.00
68,00
28.00
9900
21.00
500
2200
3.00
17.00
4.00
13.00
2,00
14.00
200

Borra et al., 2016
NA = Not available

Lignite Ash

260
29.80
48.40

0.40

280

NA

0.20

790

140

295,00
2.00
152.00
33.00
B.10
20.20
3.70
22.80
460
1.30
2.60
940
1.50

Refuse Ash Biomass Ash
1.90 5.20
20.30 1240
S0.40 54.40
1.00 220
0.90 4.00
NA NA
0.90 8.30
3.30 9.20
1.90 0.10
NA NA
NA NA
19.30 2.20
NA NA
NA NA
297.00 10.00
0.30 0.20
58,00 32.00
114.00 61.00
0.54 0.30
43.00 25.00
9.30 5.20
1.80 1.00
5.80 3.20
100 0.60
6.20 3.30
1.20 0.60
0,30 0.20
0.70 0.40
2.60 1.20
0.40 0.20

Singh et al., 2011

14
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