KSMER Journal of The Korean Society of Mineral and Energy Resources Engineers

Vol. 61, No. 1 (2024) pp. 43-52, https://doi.org/10.32390/ksmer.2024.61.1.043
JlzEn

AL ZOIS? - XFS - A - ol
S

R
Rl s

—
AAATANeLab), *(F)AAAIEHE, Folslan AIAA4QTII, “AEchstm

ISSN 2288-0291(print)
ISSN 2288-2790(online)

AFAQA A g,

Recovery Characteristics of Critical Elements in Tailings from Abandoned

Metal Mines

Yo Seb Kwon'#, Inho Hwang?, Jongmun Cha®, Myung Chae Jung™ and Uikyu Choi®

"NeLab, Seoul, Korea

2Soam Consultant, Daejeon, Korea

*Energy and Mineral Resources Engineering, Dong-A University, Busan, Korea
*Energy Resources & Geosystems Engineering, Sejong University, Seoul, Korea
Korea Mine Rehabilitation and Mineral Resources Corporation, Wonju, Korea

*Corresponding Author. Myung Chae Jung, jmc65@sejong.ac .kr, Energy Resources & Geosystems Engineering, Sejong University,

Seoul, Korea

Received
1 December 2023

Final version Received
28 December 2023

Accepted
27 February 2024

Abstract

Four tailings representative of mineralization types were taken at abandoned metal mines, and 32
elements classified as from critical minerals were analyzed. Among the elements, vanadium (V),
bismuth (Bi), manganese (Mn), and antimony (Sb), contained at concentrations exceeding the average
abundance of the earth's crust, were examined in terms of their recovery characteristics by heavy liquid
and magnetic separations. Although tailings from the Fe-Ti mine contained 1,354 mg/kg of V,
improvement of 'V grade was limited by the separations. Tailings from the W mine with 153 mg/kg of
Bi were increased by 3.5 and 6.3 times by concentration by heavy liquid and magnetic separations,
respectively. In addition, tailings from the Cu-Pb-Zn mine with 13,756 mg/kg of Mn were
concentrated about 1.8 times by heavy liquid separation. Tailings from the Zn mine with 87 mg/kg of
Sb were concentration by 1.7 times by magnetic separation. This study promotes recycling through the
mineral processing of abandoned tailings.

Key words : tailings, critical minerals, abundance of elements in earth's crust, recovery characteristics,
resource recycling
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Fig. 1. Sampling locations of four representative tailings from
abandoned metal mines.
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Table 1. General information on the four mines studied in Korea
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No. ID Target metal Mineralization type Tailings amount (m?)
1 YP Fe, Ti Orthomagmatic 80,000
2 SD W Skarn 6,087,000
3 JG Cu, Pb, Zn Hydrothermal replacement 20,000
4 GR Zn Hydrothermal filtration 6,900

Table 2. Groupings of elements analyzed from tailings samples
Group Analyzed elements
Alkali metals Li
Alkaline earth metals Mg, Sr
Metalloids Sb, Bi, Se, Sn, Si
Iron group Co, Ni
Boron group Al, Ga, In
High melting point metals Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn
REEs LREEs La, Ce, Nd
HREEs Tb, Dy
Platinum group Pt, Pd
Others Cu, Pb, Zn
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Table 3. Concentrations of critical elements in tailings

Concentration (mg/kg)

Group Elements CRC value"
YP SD \[€] GR
Alkali metal Li 20 0.1 25.0 4.9 3.9
. Mg 23,300 990.5 6,727.5 12,845.0 1,139.9
Alkaline earth metals
Sr 370 2.1 429 20.2 10.1
Sb 0.2 <02 N.D.” 36.2 87.2
Bi 0.01 < 0.01 153.4 17.5 10.9
Metalloids Se 0.05 N.D. N.D. N.D. N.D.
Sn 2.3 N.D. 15.6 43 0.3
Si 282,000 67.6 289.7 195.2 80.7
Co 25 29.8 8.6 2.0 N.D.
Iron group -
Ni 84 12.8 13.3 2.1 N.D.
Al 82,300 1,311.4 13,756.9 5,605.6 3,179.6
Boron group Ga 19 10.2 N.D. N.D. N.D.
In 0.25 85.0 10.2 N.D. 17.6
Ti 5,650 1,652.3 805.4 7.6 13.8
Zr 165 0.2 3.0 0.1 0.9
\% 120 1,354.2 30.2 15.7 7.4
Nb 20 12.7 0.1 13.1 0.8
High melting point metals Ta 2.0 13.1 5.0 14.5 2.1
Cr 102 52.7 23.8 29.6 2.8
Mo 1.2 N.D. 37.4 N.D. 4.5
w 1.25 N.D. 301.0 9.3 1.0
Mn 950 109.2 911.4 13,756.8 245.6
La 39 0.2 11.2 0.7 33
LREEs Ce 66.5 N.D. 29.9 0.5 7.3
REEs Nd 41.5 6.3 12.8 8.2 44
HREEs Tb 1.20 4.7 0.8 34 0.8
Dy 52 N.D. 0.7 N.D. N.D.
Platinum group metals Pt 0.005 N.D. N.D. N.D. N.D.
Pd 0.015 N.D. N.D. N.D. N.D.
Cu 60 N.D. 46.7 217.4 78.9
Others Pb 14 9.4 13.1 1,448.1 32,62.9
Zn 70 42.0 96.1 6,917.5 275.8

DAverage concentration of the element in the Earth's crust (Haynes, 2017).
INot determined.

Alo1d A1%
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Fig. 2. Particle size distributions of the four representative tailing samples.
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Fig. 4. Weight ratio and concentrations of V, Mn, Bi, and Sb in tailings by magnetic separation.

JGTYAL /\]E—J 735 A A 72] 2F90% o]
gol viAkd S 2 ST 7 AL i FE= A 77
Ags Apelo] s by B39 o] S7k5h= 7
o] FRlE o m, 1] T Yk} HlATES] B4-8
£ olx|ie A2 8113 4= ik DR A4 AR 5 v
ATLE 710,000 Gauss ol A 71 B2 31521 973.3 mg/kg
ol AEH e, YA sFehtA A3l 153.4 mg/kgoll
v]3l] A4 A B ol A] ek 6.418] EEFo] 2715k AL &l
th JG3FAE R AR & 7Fo] 8,000 Gaussof| A 713
W2 Q1 24,034.5 mg/kgo] HEE 3o, WA= sk
4 2341 13,756.8 mg/kgoll vlal of 1.78) ool S7t
AL Shlal ek A4 710l T ulA A2 o) B

¥ISH: Shelslx) spgtork o) A717t Al vl

Ay AR A AR B A7k A Fol =i Al
ik

GREA A= A £20] 99% ol 4h& 350,
o, HAMd & W= A&l A QTE| R o SFfo] H5s] W
2 Ao 2 IRNE Rt GRFPA A|FE 5,000 Gauss ol A]

7P RS T2 149.6 mg/kgol FEE Ak $IA1 2 B}
4] 27401 87.2 mg/kgol ¥I3) Hl A4 A 24 o 1.75)
ol F7ke A2 Falstack

2 o) o5k A, vAbd EA o] FAM2 A4 A
7|8 ¥A40] SHFS Fig. 49 =AI5FCh

FouM
Zoy

o

2ol o) gafo] HelE BRI RES
B9 242t Hafsto] BEAI9) S48 BNele
ok Y= SFER A7) 10 g2 H|52.99 1,1,2,2-Tetrabro-
moethane FHA| o] FQIsto] FHAEE AAJetelaL,
34 BT A= FAM L 2 40 s Fig.
59} e,

YP O] ZHAEH AT} 99% oA} 2 71eE AL & 4= 3]
YRRl Ay AEeld S Gee 1394
mg/kg o2 AEE Uk Y A7 sk Ayl 1,354
gk} AT B0 2 Sl ulo] ofgh B9 T

2 70 gkt

SDJ: 60% o]Afo] X

-2 148.8 mg/kg©] 1L,

it
N X

31

<

Fapglom], F =] AR E g

A
T o
AE oM B A E R 532.6

Ao A=



50 ALA - Bl HEE - YA - Ho
Loss wt% = Sink wt% Float wt% ® Sink Conc. Float Conc.
100% 2,000 100% 1,000 100% 40,000 100% 200
B 3 ) )
75% 1,500 75% 750 % 75% 30,000 75% 150
- = R - E = 3
S £ g £ g 2 g =
g 3 £ . S T 8
£ 50% 1000 ¢ £ 50% ° 500 o £ 50% 20,000 2 £ 50% 100 2
£ 2 = S8 = S £ S
2 E 3 E 3 E 3 &
2 S 2 £ 2 g 2 g
25% 500 g 25% 260 g 25% 10,000 ¢ 25% 50 ¢
© o 8 38
0% —=E_ 0 0% 0 0% —o— 0 0% —em o
YP(V) SD(Bi) JG(Mn) GR(Sb)

Fig. 5. Weight ratio and concentrations of V, Mn, Bi, and Sb in tailings by heavy liquid separation.
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