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Abstract

In order to obtain the basic data for recycling of coal mine tailings, the characteristics of coal mine tailings, the formation of
AMD from the tailings and the leaching of heavy metal from the tailings were studied. The samples were characterized in terms
of chemical composition, mineral composition and content of heavy metal of the tailings were investigated, The effects of time,
temperature, content of pyrite, sulfide minerals on the formation of AMD were also investigated. For the leaching tests, the KS
method, TCLP method and column test were used. From the investigated data, we can see that the coal mine tailings can be
used as aggregate for filling used gallery. We can also see that the formation of AMD from coal mine tailings can be prevented
by mixing 4% or more limestone with it.
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Table 1. Chemical composition of limestone sample

Content CaO MgO

K0

SlOz A1203 FCQO;

(%) 46.67 2.18

0.54

541 1.70 0.67
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Fig. 1. Photograph of TCLP extractor.
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Fig. 2. Particle size distribution of Hamtae coal mine tailings.
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Table 2. Chemical composition of Hamtae coal mine tailings as a function of size

Sie | Wt Major Element(%) Heavy Metal(mg/kg)
(%) | si0, | ALO; | K0 | Fey05 | SO Pb cd As Zn Cu Cr Ni
+3cm | 571 | 690 | 149 | 309 | 541 | 006 | 556 | 0.1 0 636 | 89 | 598 | 228
B+2em| 55 | 563 | 267 | 506 | 1.79 | 034 | 126 0 236 | 494 | 149 | 408 | 158
2+lem| 81 | 554 | 268 | 565 | 178 | 052 | 191 | 06 0 20 | 69 | 258 | 62
dem+4#| 16 | 548 | 265 | 564 | 1.81 | 045 | 348 | 09 | 424 | 827 | 96 | 192 | 162
Ae8# | 61 | 515 | 261 | 577 | 275 | 086 | 414 0 316 | 692 | 166 | 413 | 222
B+35#| 88 | 486 | 244 | 597 | 418 | 128 | 321 0 325 | 446 | 248 | 333 | 146
5% | 66 | 423 | 227 | 621 | 860 | 214 | 816 | 04 | 83 | 154 | 543 | 377 | 188
Ave. 614 | 194 | 422 | 457 | 046 | 474 | 020 | 149 | 660 | 140 | 479 | 195
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Fig. 3. Image of Hamtae Coal Mine tailings.
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Table 3. Major content of Hamtae Coal Mine tailings as a function of appearance

Content SiO, Al O, K,O Fe,0; SO, Remarks

Sample (%) (%) (%) (%) (%)
)] 789 15.8 338 0.49 0.21 Green~yellow, fine grain sandstone
2) 88.5 10.3 0.50 0.24 0.04 Yellow~brown, middle grain sandstone
3 87.7 791 1.79 1.77 0.03 White~gray, coarse grain sandstone
“@ 73.0 15.8 3.09 5.41 0.06 Dark green~black, fine grain sandstone
()] 43.5 294 4.68 1.91 1.26 Dark green~black, fine grain shale
6) 48.6 25.6 1.85 19.6 0.94 etc.
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Fig. 5. XRD pattern of fine grain sandstone.
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Fig. 6. XRD pattern of black shale.

). of Korean Inst. Resources Recycling Vol. 19, No. 2, 2010

HIKR

A I FEAE FFEAEE AN

EFAE 20g0] 180mlY) FHTt 1 mle) HAtshet
Hzlo} A S Aol TR 50rpmo 2 wHHE}
A 2487 o2 §&99] pH W3S FASS
H, o] mf AFAAR] A7H 2%, 5&@/&14 o, BslE
o] F5, A49 =, QL%M I 5& WsiNA 7
zke] ke ARSI Fig 7& @%(20)01]*1 A7k
Aol ulg 8] pHe SO,70)29] F WE &
A& Azlolr). 1ge] Asfelld pHe 27] 502004 8
F 357 #3930 Zhdka SoolRe] FEE 27
2] 57mg/MolA 7Y F- 161 mgl o8 43 F7kEkart.
ol pHS| A fdle] Aikslute|ziele] wWajo] 9%
el Ballo 71Ee onsiy, £7) pH7t 5.028
veplie e Mol Aga AME g A #HMe
LA; 717F B o] Fulo] o o] T FF
AN Fo] ¥FEo] Aislute ool os) As}E|Sl7]
EeR AYziErt, Fg 8ol &9 tJMI Tk 2
Ashate|glols SEMOE #A3) ARE JeRAITY

Fig. 9l %@0"«1 LEE [5°C, 20°C, 25°C, 30°C
2 A3l S AlZke] el ulE pH WIE el
Witk 299l Aol &89 pHe WA 2=

7t 2255 JA3A #AdEeE FES ey, 9
ZF wieFel A 15°C £&9o] pH7F 3.76°1Z 30°C

G209 pH7l 2.822 Fo)R FESF oF 109 7t
a4t ol £29 &%} 15°CHA 30°CE E7t
gloll wle} FAksiate|gole] A L= oF szt wet
oS ovgith,

Fig. 102 33lE2] FRol nje Adsueole) 9
3 Bagre] WslE BAS Aol Mvhg A &
I 180
w0 pH

4 5 160
/ )
‘ /' : 4140

45 i o

N\
N (ﬂi/l)

pH
e}

40

:/ o » J&0

35

i N

Time(day)

Fig. 7. Varation of pH and concentration of SO42- as a
function of time.



FREEALENE BiHRIbbke) A= BERS) i ik 59

irm @41122

Fig. 8. Scanning Electron Micrographs of thiobacillus ferro-

oxidans.
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Fig. 9. Variation of pH as the function of time and tem-
perature.
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Fig. 13. Variation of pH as the function of time and additives.
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Fig. 14. Variation of pH as the function of time and dosage
of limestone.
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9% EFHY & AA AE=2 AR
H7IEFAA R 23 £247E VeERd Table 4
o] Aol MeidozrEe & £F FEE
Pb 0.067mg/l, Cd ND, As 0.035mg/l, Zn 0.42 mg/l,
Cu ND, Cr ND, Ni 0.028mg]l ©]3 A3|4< 4%
A7 MM g2RE e 55 §&F SE Pb
0.071 mg/l, Cd ND, As 0.051 mg/l, Zn 0.012 mg/l,
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A HeE £ 7EE =T 4 5 At
TCLPHe o3t &A1 AAE Uepd Table 590
Ae Aadderyee] 84 &% =7 Pb

Table 4. Concentration of heavy metals extracted from Hamtae coal mine tailings by Korean extraction method (Unit: mg/t)

Content |pH of before| pH of after .
d s ;
Sample extraction | extraction Pb c As Zn Cu Cr Ni
Tailings only 6.21 4.75 0.067 ND 0.035 0.42 ND ND 0.028
Tailings + Limestone 4% 6.15 6.88 0.071 ND 0.051 0.012 ND ND 0.020

J. of Korean Inst. Resources Recycling Vol. 19, No. 2, 2010
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Table 5. Concentration of heavy metals extracted from Hamtae coal mine tailings by TCLP method (Unit: mg/l)
Content {pH of b?fore pH of %.zfter Pb cd As 7n Cu Cr Ni
Sample extraction extraction
Tailings only 4.93 491 0.093 0.002 0.054 0.852 0.018 0.025 0.046
Tailings + Limestone 4% 2.88 3.03 0.116 0.003 0.042 1.053 0.031 0.029 0.054

0.093 mg/l, Cd 0.002mg/l, As 0.054mg/l, Zn 0.852
mg/l, Cu 0018 mgl, Cr 0.025mg/l, Ni 0.046 mga ©]
I AINE 4% F7IR Ao RE S FE4 &
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1053 mgAl, Cu 0031 mgA, Cr 0029 mg/, Ni 0054 mg/l
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Fig. 15. Variation of pH and extracted concentration of heavy
metal from Hamtae coal mine tailings as a function
of extraction time.

8 1.0
: 409
7 . ./_'—-z-. 08
.-t -
./l/ RN . ./T 407 =
(=2
6 0s £
_.:_ H los £
= S o5 g
5 =7 do04 §
= Cr X £
: 403 O
4 02
. - . Jo1
: ; o
: : ! ~A 00—
3 N, A ol S = MR % J00
0 5 10 15 20 25 30
Time(day)

Fig. 16. Variation of pH and extracted concentration of heavy
metal from Hamtae coal mine tailings mixed with
4% limestone as a function of extraction time.
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