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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
66.1 5.1 3.0 0.0 13.5 30.5 0.0 23.1 3.2 10.4 0.0 0.0 30.7 2.8 0.0
72.0 5.5 2.0 1.4 11.4 31.9 0.0 26.3 7.8 10.5 0.0 0.0 36.1 2.5 0.0
33.7 7.7 4.5 1.2 7.1 15.9 0.0 15.9 4.4 11.8 3.3 0.0 57.5 3.9 0.0
21.3 4.7 3.3 0.0 6.6 24.5 0.0 11.8 2.4 14.8 0.0 0.0 32.6 2.8 0.0
50.4 9.1 9.7 2.6 18.6 48.1 1.7 52.0 11.1 26.4 3.6 0.0 113.7 6.6 0.0

0.0

20.0

40.0

60.0

80.0

100.0

120.0

pp
m

-
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
- 55.6 9.1 4.8 2.5 13.1 76.6 1.1 65.0 10.3 14.7 3.5 0.0 37.2 3.2 0.0
- 49.4 3.8 0.0 0.0 12.7 45.8 0.0 12.7 4.2 7.8 0.0 0.0 24.0 1.9 0.0
- 57.8 5.0 0.0 1.0 14.2 47.9 0.0 27.5 7.0 7.6 0.0 0.0 22.1 2.1 0.0

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

pp
m

- -

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
61.9 9.2 4.7 1.3 6.6 56.8 1.5 24.9 9.4 42.9 8.5 0.0 70.6 5.2 0.0
23.7 3.7 2.2 1.0 3.8 9.1 0.0 14.7 5.3 23.0 6.1 0.0 18.0 2.4 0.0
50.0 7.5 3.1 2.1 7.7 23.9 2.7 29.9 4.8 28.4 6.8 0.0 47.8 3.6 0.0

pp
m

-
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
Bor Khulan coal 74.00 9.12 8.06 3.80 20.61 128.6 1.02 103.3 10.70 30.47 0.00 0.00 97.51 6.57 0.00

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

pp
m

-

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
19.3 2.4 0.0 0.0 10.3 23.7 0.0 7.7 0.0 6.6 0.0 0.0 21.6 2.1 0.0

0.0

5.0

10.0

15.0

20.0

25.0

pp
m

-
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
55.0 7.8 3.6 2.0 9.6 38.9 1.5 49.8 9.1 20.8 6.9 0.0 37.5 3.5 0.0

FP) 23.7 2.7 0.0 0.0 3.1 19.5 1.0 14.5 0.0 14.5 3.2 0.0 19.9 2.2 0.0
SC-446) 28.6 3.6 0.0 0.0 0.0 13.0 1.9 13.9 0.0 9.8 0.0 0.0 14.8 2.2 0.0
SC-541) 39.1 3.5 0.0 1.2 4.1 25.0 0.0 23.0 3.5 13.7 4.2 0.0 21.0 2.2 0.0

PF-231) 47.2 4.6 0.0 1.3 5.4 27.7 1.0 25.5 5.4 15.2 3.8 0.0 26.3 2.6 0.0
SSCC) 56.0 4.9 2.7 1.2 4.4 37.9 0.0 27.4 10.1 14.7 5.9 0.0 28.0 2.6 0.0
HCC) 36.9 2.5 0.0 0.0 3.5 29.9 0.0 15.7 3.5 9.8 0.0 0.0 18.3 1.9 0.0

51.3 4.9 2.9 1.7 7.7 37.0 0.0 42.3 8.6 11.4 3.6 0.0 25.6 2.2 0.0
SC-446) 33.3 3.1 0.0 1.1 4.5 13.5 0.0 15.7 2.3 9.7 0.0 0.0 19.2 2.1 0.0
SC-541) 69.3 4.2 2.7 1.5 7.5 23.3 0.0 28.1 7.5 14.9 3.7 0.0 22.4 2.3 0.0
FP) 56.8 4.3 0.0 1.5 7.2 19.8 0.0 25.9 5.8 13.7 0.0 0.0 21.7 2.3 0.0

PF-231) 58.0 3.9 0.0 1.2 6.0 26.2 0.0 24.9 7.4 12.6 0.0 0.0 23.0 2.3 0.0

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

pp
m

-

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
TTP-4 fly ash 96.63 5.6 0.00 2.11 8.5 44.36 1.76 0.00 7.85 10.59 8.43 21.14 42.29 5.52
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120.0

, p
pm

-4- -
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
DTPP-fly ash 58.51 4.43 0.00 0.00 16.46 29.49 1.75 21.20 0.00 5.84 0.00 0.00 27.16 2.60 0.00

, p
pm

- -
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
22.8 2.6 0.0 0.0 4.0 9.2 2.0 11.8 0.0 13.1 0.0 1.0 19.8 2.3 0.0
9.7 0.0 0.0 0.0 0.0 0.0 7.8 0.0 0.0 0.0 0.0 4.3 8.5 5.1 4.5
13.4 0.0 0.0 0.0 0.0 0.0 7.5 0.0 0.0 0.0 0.0 4.1 10.3 5.4 4.2
0.0 0.0 0.0 0.0 0.0 0.0 12.4 0.0 0.0 0.0 0.0 6.7 0.0 7.6 6.5
0.0 0.0 0.0 0.0 0.0 0.0 12.4 0.0 0.0 0.0 0.0 6.5 0.0 6.5 6.4
0.0 0.0 0.0 0.0 0.0 0.0 10.2 0.0 0.0 0.0 0.0 5.3 5.7 5.5 4.7

0.0

5.0

10.0

15.0

20.0

25.0

pp
m

-
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb
5.3 0.0 0.0 0.0 0.0 21.6 4.1 0.0 0.0 0.0 0.0 6.9 0.0 5.9
0.0 0.0 0.0 0.0 0.0 20.8 4.8 0.0 0.0 0.0 0.0 7.8 0.0 6.9
0.0 0.0 0.0 0.0 0.0 21.1 5.6 0.0 0.0 0.0 0.0 9.3 0.0 7.9
0.0 0.0 0.0 0.0 0.0 21.4 6.8 0.0 0.0 0.0 0.0 10.8 0.0 9.2

38.0 4.6 0.0 0.0 0.0 29.0 0.0 16.5 4.3 2.4 0.0 0.0 10.8 2.1
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Element Symbol Atomic 
number

Atomic 
mass

Density 
g/cm3

Melting 
point 0C

Vicker’s 
hardness Appearance Oxidation 

state

Molar heat 
capacity 

J/(mol*K)

Lanthanum La 57 138.9 6.146 918 37 Colorless 3 26.2 

Cerium Ce 58 140.1 8.16 798 24 Colorless 3 and 4 27.0 

Praseo-
dymium Pr 59 140.9 6.773 931 37 Yellow 

green 3 and 4 27.0 

Neodym-
ium Nd 60 144.2 7.008 1021 35 Red violet 3 27.5 

Promethi-
um Pm 61 145.0 7.264 1042 - Pink 3 24.3 

Samarium Sm 62 150.3 7.52 1074 45 Yellow 2 and 3 29.6 

Europium Eu 63 151.9 5.244 822 17 Colorless 2 and 3 27.7 

Gadolinium Gd 64 157.2 7.901 1313 57 Colorless 3 37.1 

Terbium Tb 65 158.9 8.23 1356 46 Pale pink 3 and 4 28.9 

Dysprosi-
um Dy 66 162.5 8.551 1412 42 Pale yellow 

green 3 28.2 

Holmium Ho 67 164.9 8.795 1474 42 Yellow 3 27.2 

Erbium Er 68 167.2 9.066 1529 44 Pink 3 28.1 

Thulium Tm 69 168.9 9.321 1545 48 Pale green 2 and 3 27.0 

Ytterbium Yb 70 173.0 6.966 819 21 Colorless 2 and 3 26.7 

Lutetium Lu 71 174.9 9.841 1663 77 Colorless 3 26.9 

Yttrium  Yb 39 88.9 4.469 1522 38 - 3 25.5 

Scandium Sc 21 44.9 2.989 1541 85 - 2 26.5
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Element Typical uses Element group 

Lanthanum 
Lanthanum oxide additive in optical lenses increase light refraction, 
the catalyst is heavy crude oil reformation, lighting phosphors, batter-
ies, metal alloys, polishing compound, ceramics 

Light rare earth 
element

Cerium Polishing compound for optical lenses, lighting phosphors, batteries, 
metal alloys, ceramics, glass additives 

Praseodymium High-power permanent magnets, batteries, metal alloys, catalysts, 
polishing compounds, glass additives, ceramics 

Neodymium 

The catalyst is heavy crude oil reformation, high-power permanent 
magnets, neodymium-yttrium-aluminium-garnet lasers, neodymium 
iron-boron permanent magnets, batteries, metal alloys, ceramics, 
glass additives 

Samarium Samarium-cobalt permanent magnets, batteries 

Europium Phosphor activator for the red colour in a colour television tube 

Heavy rare earth 
element

Gadolinium High-power permanent magnets, paint or coating against neutron 
radiation, phosphors 

Terbium  
Terbium iron -nickel alloy with dysprosium (Terfenol-D) used in 
stealth technology, lighting phosphors, high-power permanent 
magnets 

Dysprosium  High-power permanent magnets, ceramics, nanotechnology research 

Holmium  High-power permanent magnets, nuclear control rods, lasers, optical 
coatings 

Erbium  

Thulium  Few uses due to rarity and properties similar to other REEs 

Ytterbium Radiation source in portable X-ray equipment, stress gauges, lasers, 
metal alloys, catalyst 

Lutetium  Few uses due to rarity and properties similar to other REEs 

Scandium  High-strength light weight metallurgical applications 
Associated

Yttrium  Neodymium-yttrium-aluminium-garnet lasers, lighting phosphorus 

Table 3. The rare earth elements usage [3]
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Abundance in the Earth's crust Mine production 

Country reserves in tons/ 
per year

reserves in perc/ 
per year Country in tons/ 

per year
in perc/ 
per year

1 China 44,000,000 37.99% China 140,000.00 57.54%

2 Vietnam 22,000,000 18.99% U.S. 38,000.00 15.62%

3 Brazil 21,000,000 18.13% Myanmar 30,000.00 12.33%

4 Russia 12,000,000 10.36% Australia 17,000.00 6.99%

5 India 6,900,000 5.96% Madagascar 8,000.00 3.29%

6 Australia 4,100,000 3.54% India 3,000.00 1.23%

7 U.S. 1,500,000 1.30% Russia 2,700.00 1.11%

8 Greenland 1,500,000 1.30% Thailand 2,000.00 0.82%

9 Tanzania 890,000 0.77% Vietnam 1,000.00 0.41%

10 Canada 830,000 0.72% Brazil 1,000.00 0.41%

11 South Africa 790,000 0.68% Burundi 500.00 0.21%

12 Other 
Countries 310,000 0.27% Other 100.00 0.04%

Total 115,820,000 100.00% Total 243,300.00 100.00%
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 Figure 4. Opportunities for mining REEs in Mongolia 2022 [7] 



16



17



18



19



20



21



22



23



24

Material 

Iron tailings

Iron ore tailing
Magnetic-Flotation collector: sodium 

oleate, sodium silica-
depressant

Enrichment ratio 1.6-1.8
Non-Magnetic 

Iron tailing (Rich in 
silica)

Knelson and shaking 
table -

No upgrade was observed 
when the particle size was 
less than 74 mm

Iron ore tailing Roasting Na2CO3 700C and 2 M HNO3
reached good recovery in 
REEs

REE-bearing ore REE-bearing ore Gravity and Magnetic 
Separation -

Successfully rejected 
nonmagnetic gangue 
minerals

 Apatite ore

Apatite magnetite 
ore Precipitation Stripping

Tributyl phosphate 
from nitric acid 
leaching

Viable alternative to 
traditional acid leaching

Apatite ore Flotation Sodium oleate 90% recovery

Apatite ore Leaching agent Nitric acid Good recovery and yield

Apatite concentrate
Acidity level, leaching 
time, agitation rate, 
temperature and 
particle size 

Acidic 60%, solids 
30%, Leaching time 
30min, Agitation 
rate 200rpm, 
Temperature 60°C

Recovery of some REEs 
were from 59-74%
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Fly ash 
samples

Density separation

The hypothesis that REE would be enriched in heavier fractions was 
rejected RE minerals are incorporated with other lower-density minerals 

Density-based separators were the least effective methods due to 

Density fraction test 2.71-2.95 SG and 2.45-2.71 SG

Magnetic separation REE content increases as the magnetic properties decreases

Distribution of REEs 
in coal combustion should be targeted for extraction and concentration.

Strong correlation with Al, Si

Acid leaching chemical and thermal pre-treatment would result better extraction 
performance for acid leaching



28

Bottom ash laboratory 
prepared none HCL, HF, 

HNO3

Different 
pulp density, 
temperature 
time

35-90% recovery 
(Ce, Nd, Y)

Fly ash
China, South 
Korea, United 
States

none HCL, HF, 
HNO3

Results in recovery 
range from 32-90%

(not consistent 
result)

Na2CO3 1/1 solid-
liquid ratio 860% HCL, HNO3 Relatively better and 

consistent results

(70-90%)
40% NaOH, 10/1 
solid-liquid ratio, 
150, 2h

HCL, HNO3
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1 DMP LC Tumurtei iron ore mining Selenge Province, Khuder Sum

2 MONGOLROSTSVETMET 
SOE Bargilt iron ore mining Khentii Province, Darkhan Sum

3 Monlaa LLC Elstei iron ore mining Dornogovi Province, Khatanbulag 
Sum

4 ENERGY RESOURCES LLC Ukhaan Khudag coal mining Umnugovi Province, Tsogtsii Sum

5 ADUUNCHULUUN LC Aduunchuluun coal mining Dornod Province, Kherlen Sum

6 BAGANUUR LC Baganuur coal mining Ulaanbaatar City, Baganuur District

7 SHARIIN GOL LC Sharin Gol coal mining Darkhan-Uul Province, Sharin Gol 
Sum

8 SHIVEE OVOO LC Shivee Ovoo coal mining Govisumber, Shiveegobi Sum

9 MEGA ERIN LLC Bor Khulan coal mining Dornogovi, Dalanjargal Sum

10 TPP 4 SOE Thermal power plant Ulaanbaatar City, Bayangol District

11 DTOG SOE Thermal power plant Dornod Province,Choibalsan City
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Figure 13.  Locations of the collected samples

Result SAMPLE NAME COMPANY NAME TOTAL REE, ppm

1 BKH coal Mega Erin LLC 493.79

2 Baganuur BN5 Baganuur LC 353.53

3 Whole sample Shariin Gol LC 303.53

4 ShO, level 5 Shivee Ovoo LC 296.86

5 TTP-4 SOE 254.78

6 BN coking coal Energy Resources LLC 246.05

7 SAAJ top Shariin Gol LC 218.35
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8 Baganuur BN2 Baganuur LC 207.39

9 UHG coking coal Energy Resources LLC 199.07

10 BN thermal coal (SSCC ) Energy Resources LLC 195.75

11 ShO, level 2-2 Shivee Ovoo LC 192.35

12 Baganuur BN1 Baganuur LC 188.53

13 UHG reject coal, (S-541) Energy Resources LLC 187.43

14 B.P empty rock Mongolrostsvetnet SOE 173.09

15 DTOG SOE 167.44

16 Baganuur BN3 Baganuur LC 166.97

17 BN feed (PF-231) Energy Resources LLC 165.92

18 UHG feed PF-231 Energy Resources LLC 165.50

19 ShO, level 2-1 Shivee Ovoo LC 162.29

20 UHG reject coal (FP) Energy Resources LLC 159.04

21 BN reject coal (SC-541) Energy Resources LLC 140.50

22 Baganuur BN4 Baganuur LC 124.74

23 UHG thermal coal(HCC ) Energy Resources LLC 121.95

24 SAAJ bottom Shariin Gol LC 113.16

25 Tailing Mongolrostsvetmet SOE 107.58

26 UHG reject coal (SC-446) Energy Resources LLC 104.44

27 BN reject coal (FP) Energy Resources LLC 104.39

28 Aduunchuluun coal Aduunchuluun LC 93.60

29 Whole tailing DMP LC 88.51

30 BN reject coal (SC-446) Energy Resources LLC 87.81

31 Powder sample Monlaa LLC 84.81

32 Iron concentrate 65% Mongolrostsvetmet SOE 48.19

33 Zn slime Mongolrostsvetmet SOE 46.66

34 Tailing (oxidized) DMP LC 44.84

35 Iron concentrate 52% Mongolrostsvetmet SOE 43.86

36 Feed Mongolrostsvetmet SOE 43.85

37 Primary sample Monlaa LLC 43.84

38 Middling Mongolrostsvetmet SOE 40.34

39 Powder tailing DMP LC 39.88

40 Zn ore Mongolrostsvetmet SOE 34.16

41 Whole concentrate DMP LC 33.27

42 Powder concentrate DMP LC 31.79

43 Feed DMP LC 31.32



33



34

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
Baganuur BN1 66.11 5.15 3.05 0.00 13.51 30.46 0.00 23.12 3.18 10.41 0.00 0.00 30.71 2.83 0.00
Baganuur BN2 71.97 5.46 2.04 1.36 11.37 31.92 0.00 26.32 7.80 10.54 0.00 0.00 36.08 2.52 0.00
Baganuur BN3 33.72 7.72 4.46 1.25 7.07 15.88 0.00 15.94 4.39 11.82 3.33 0.00 57.53 3.87 0.00
Baganuur BN4 21.29 4.73 3.33 0.00 6.65 24.49 0.00 11.75 2.36 14.76 0.00 0.00 32.55 2.83 0.00
Baganuur BN5 50.40 9.13 9.75 2.62 18.56 48.06 1.66 51.99 11.12 26.35 3.64 0.00 113.7 6.59 0.00
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REE content distribution in the samples at Baganuur coal mine
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
ShO, level 5 55.6 9.1 4.8 2.5 13.1 76.6 1.1 65.0 10.3 14.7 3.5 0.0 37.2 3.2 0.0
ShO, level 2-1 49.4 3.8 0.0 0.0 12.7 45.8 0.0 12.7 4.2 7.8 0.0 0.0 24.0 1.9 0.0
ShO, level 2-2 57.8 5.0 0.0 1.0 14.2 47.9 0.0 27.5 7.0 7.6 0.0 0.0 22.1 2.1 0.0
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REE content distribution in the samples from Shivee-Ovoo coal mine

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
Whole sample 61.87 9.23 4.72 1.29 6.64 56.84 1.48 24.91 9.37 42.85 8.50 0.00 70.62 5.20 0.00
SAAJ Bottom 23.69 3.68 2.25 1.01 3.82 9.13 0.00 14.67 5.31 23.03 6.10 0.00 18.03 2.44 0.00
SAAJ top 49.98 7.49 3.10 2.10 7.72 23.86 2.74 29.89 4.80 28.41 6.83 0.00 47.83 3.60 0.00

co
nt

en
t, 

pp
m

REE content distribution in the samples from Sharin Gol coal mine
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
Bor Khulan coal 74.0 9.12 8.06 3.80 20.6 128. 1.02 103. 10.7 30.4 0.00 0.00 97.5 6.57 0.00

0.0
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140.0
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nt
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 p
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REE content distribution in the samples of Bor Khulan coal mine

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
Aduunchuluun coal 19.28 2.44 0.00 0.00 10.2823.69 0.00 7.68 0.00 6.59 0.00 0.00 21.58 2.06 0.00

co
nt

en
t, 

pp
m

REE content distribution in the samples of Aduunchuluun coal mine
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
BN Coking Coal 55.0 7.8 3.6 2.0 9.6 38.9 1.5 49.8 9.1 20.8 6.9 0.0 37.5 3.5 0.0
BN Reject Coal (FP) 23.7 2.7 0.0 0.0 3.1 19.5 1.0 14.5 0.0 14.5 3.2 0.0 19.9 2.2 0.0
BN Reject Coal (SC-446) 28.6 3.6 0.0 0.0 0.0 13.0 1.9 13.9 0.0 9.8 0.0 0.0 14.8 2.2 0.0
BN Reject Coal (SC-541) 39.1 3.5 0.0 1.2 4.1 25.0 0.0 23.0 3.5 13.7 4.2 0.0 21.0 2.2 0.0
BN feed (PF-231) 47.2 4.6 0.0 1.3 5.4 27.7 1.0 25.5 5.4 15.2 3.8 0.0 26.3 2.6 0.0
BN thermal coal (SSCC ) 56.0 4.9 2.7 1.2 4.4 37.9 0.0 27.4 10.1 14.7 5.9 0.0 28.0 2.6 0.0
UHG thermal coal(HCC ) 36.9 2.5 0.0 0.0 3.5 29.9 0.0 15.7 3.5 9.8 0.0 0.0 18.3 1.9 0.0
UHG coking coal 51.3 4.9 2.9 1.7 7.7 37.0 0.0 42.3 8.6 11.4 3.6 0.0 25.6 2.2 0.0
UHG reject coal (SC-446) 33.3 3.1 0.0 1.1 4.5 13.5 0.0 15.7 2.3 9.7 0.0 0.0 19.2 2.1 0.0
UHG reject coal, (S-541) 69.3 4.2 2.7 1.5 7.5 23.3 0.0 28.1 7.5 14.9 3.7 0.0 22.4 2.3 0.0
UHG reject coal(FP) 56.8 4.3 0.0 1.5 7.2 19.8 0.0 25.9 5.8 13.7 0.0 0.0 21.7 2.3 0.0
UHG Feed PF-231 58.0 3.9 0.0 1.2 6.0 26.2 0.0 24.9 7.4 12.6 0.0 0.0 23.0 2.3 0.0
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REE content distribution in the samples from Energy Resources coal 
processing plant

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
TTP-4 fly ash 96.63 5.6 0.00 2.11 8.5 44.36 1.76 0.00 7.85 10.59 8.43 21.14 42.29 5.52
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REE content distribution in the samples from Thermal Power Plant 4-Fly ash
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
DTPP- ash 58.5 4.4 0.0 0.0 16.5 29.5 1.7 21.2 0.0 5.8 0.0 0.0 27.2 2.6 0.0
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Ash
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb Tb
whole tailing 22.8 2.6 0.0 0.0 4.0 9.2 2.0 11.8 0.0 13.1 0.0 1.0 19.8 2.3 0.0
powder tailing 9.7 0.0 0.0 0.0 0.0 0.0 7.8 0.0 0.0 0.0 0.0 4.3 8.5 5.1 4.5
tailing(oxidized) 13.4 0.0 0.0 0.0 0.0 0.0 7.5 0.0 0.0 0.0 0.0 4.1 10.3 5.4 4.2
whole concentrate 0.0 0.0 0.0 0.0 0.0 0.0 12.4 0.0 0.0 0.0 0.0 6.7 0.0 7.6 6.5
powder concentrate 0.0 0.0 0.0 0.0 0.0 0.0 12.4 0.0 0.0 0.0 0.0 6.5 0.0 6.5 6.4
feed 0.0 0.0 0.0 0.0 0.0 0.0 10.2 0.0 0.0 0.0 0.0 5.3 5.7 5.5 4.7
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REE distribution in the samples from Tumurtei iron processing plant
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Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb
Feed 5.3 0.0 0.0 0.0 0.0 21.6 4.1 0.0 0.0 0.0 0.0 6.9 0.0 5.9
Middling 0.0 0.0 0.0 0.0 0.0 20.8 4.8 0.0 0.0 0.0 0.0 7.8 0.0 6.9
Iron concentrate 52% 0.0 0.0 0.0 0.0 0.0 21.1 5.6 0.0 0.0 0.0 0.0 9.3 0.0 7.9
Iron concentrate 65% 0.0 0.0 0.0 0.0 0.0 21.4 6.8 0.0 0.0 0.0 0.0 10.8 0.0 9.2
Tailing 38.0 4.6 0.0 0.0 0.0 29.0 0.0 16.5 4.3 2.4 0.0 0.0 10.8 2.1
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REE distribution in the samples from Bargilt iron processing plant

Ce Dy Er Eu Gd La Lu Nd Pr Sc Sm Tm Y Yb
Primary sample 10.25 0.00 0.00 0.0 0.00 21.87 2.40 0.00 0.00 0.00 0.00 3.56 0.00 5.76
Powder sample 22.64 0.00 0.00 0.0 0.00 26.93 4.33 6.93 0.00 0.00 0.00 6.39 9.06 8.53
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REE distribution in the samples from Elstei iron ore mine
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2015 2016 2017 2018 2019 2020 2021

Terbium oxide 99.99% minimum 564 415 501 455 507 670 1300

Dysprosium oxide, 99.5% minimum 279 198 187 179 239 261 400

Neodymium oxide, 99.5% minimum 48 40 50 50 45 49 49

Europium oxide, 99.9% minimum 344 74 77 53 35 31 31

Mischmetal, 65% cerium, 35% lanthanum 7 5 6 6 6 5 6

Lanthanum oxide, 99.5% minimum purity 3 2 2 2 2 2 2

Cerium oxide, 99.5% minimum purity 3 2 2 2 2 2 2
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Mechanical transporting 
stage until the disposal 

phase, using auto vehicle 

1. Ash collection 

- Ash mix 
- Ash packing 
- Delivery/transportation distance 
- Loading  

2. Ash pre-treatment  

- Transportation 
- Unloading  
- Ash arrangement 
- Packaging
- Disposal
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