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Laboratory Study on the Removal of Heavy Metals Using Apatite for
Stabilization of Tailings at the Ulsan Abandoned Iron Mine

Jungchan Choi*

Dept. of Environmental Geosciences, Pukyong National University

ABSTRACT

The purpose of this study is to evaluate laboratory experiments on arsenic and cadmium removal from tailings using
apatite at the Ulsan Abandoned Tron Mine, and to develop a stabilization technique. The results of this study show that the
permeability is decreased proportionally to the amount of apatite when it is added below 8%, while this is almost constant
when the amount of apatite is added above 10%. The water extraction test from tailings using deionized water for several
days shows that pH (7.4-8.4) is almost constant or slightly increased when apatite is added below 8%, while it is slightly
decreased when apatite is added above 10%. According to TCLP test, reduction of concentrations of heavy metals in
leachate is proportional to amount of apatite added. It seems that precipitates generated from leachate-apatite chemical
reaction are not redissolved. As a result, cadmium and arsenic in leachate is mostly removed when apatite is added above
10%, and it is suggested that a proper technique should be selected for field application because either mixed or layered
method shows almost same removal efficiencies of cadmium and arsenic in tailings.
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Fig. 1. Geological map at the study area (Hyudai Develop Co.,
2004).
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Fig. 2. Soil columns for laboratory water extraction experiment
(front : tailings & apatite layered (apatite; gray color, tailings;
brown color), back : tailings & apatite mixed).

Table 1. The result of XRF (X-Ray Fluorescence Spectrometer)
analysis for the apatite from China

Analyte Result (%) Analyte Result (%)
Ca 535 S 0.8
P 23.1 K 0.7
Si 8.1 Ti 0.3
Al 3.7 Sr ' 0.3
Mg 2.7 Mn 0.2
Fe 1.2
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51238 24 10%(18), 15%(2S), 20%(3S) = 25%(4S)
E ¥ 5 O 9ol BvE et AA FHol 1 kg
o7 A 2AFe(Fig. 2 FR)E 57 25 cmE
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o] Tl = ARME FAs FrASE el &
B Adeld pH R AHEEECE F8F F
g U a5 disl 1IcPEAE St
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Fig. 3. Change in permeability for the experiment 1.
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Fig. 4. Change in pH for the experiment I.

0.2X107 cm/secE AR ATHFig. 3). pHY] -9 £7]
e A, B, C ¥ D7} 7.8°1024 179 Tole 82,
7.6, 84 ¥ 792 BE ALdtue o 4 45T o
2 JERATHFig. 4). pH7t 45T olf= 1314 dlej
EERE o] x3Eo] l= Hl pH 6.5013%1 7A5-
oA ) ghaldo] HCOy & Gbo)led) Aglsiag of
718 Aoz AZFETHFig. 5). 1y, Ae 5¥7RE pH
7t Zasiet ol 1849 AT F2E 9l
d 2 e 13]Mo] F&3] SaflEo] HlakdlE
(arsenite apatite; Cas(AsO4);OH(Johnbaumite) = 2
H]2F<2=3}E-(Ca-arsenite hydrate; Ca,(OH)(AsOy), - 4H,0)
Hel2 AAEZS Y8l whddl] B <o) ¥31g ule-
Ao] ofo] FHX| o} B o] " Fhol0)
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122.3 psSolgleom 17¢ Foll= 399, 442, 492 2 519
uSE 745K cHFig. 6).
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Fig. 5. The result of XRD (X-ray Diffractometer) analysis for the
apatite (F : Fluorapatite, D : Dolomite and Q : Quartz).
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Fig. 6. Change in EC for the experiment I.

e & of 2I3E-L B4 56.3 ppm(0.1 ppm ©]
3 2 FE=H 0.97 ppm(0.02 ppm ©]3Ho]tH(Table 2
Fzx). Bololl vl AAEL 7.3-36.5%, 7= A
AE&L 5.7-39.4%5 JERITHFig. 7 2 Fig. 8 Fx).
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Fig. 7. Change in As removal rate for the experiment I.
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Fig. 8. Change in Cd removal rate for the experiment 1.

9] AS EZASE 3 3.8X1072 34X 1072, 3.6X1072
2 25%1072 cm/secO]UT) 98 EolE 3.5X 1072, 22
X 1072, 42X102 2 25X107% cm/secirt. 24 Hejo
AL G ELASE 56X1072, 3.1X1072 21X 102 2
3.4X1072 emy/seco) AT 99 Foll= 47X 1072, 3.8X

Table 2. Comparison for Concentrations in leachate resulted from the water extraction experiment for tailings vs. the limits (N.A.; Not

Available)
pH Ec As Zn Cd Ni P Al Ca Fe
(uS) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Tailings 78 96.5 56.3 0.1 0.97 0.0 0.2 0.2 142.0 0.2
Limit 5.8-8.6 N.A. 0.1 1.0 0.02 N.A. 0.2 N.A N.A 20
Cr Cu K Mg Mn Na Pb S Si
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Tailings 0.0 0.0 6.4 17.8 0.0 28.8 0.0 0.8 1.6
Limit 0.5 0.5 N.A N.A. 2.0 N.A. 0.2 NA. N.A.
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Fig. 9. Change in permeability for the experiment II.
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Fig. 10. Change in pH for the experiment II.
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Fig. 11. Change in EC for the experiment I1.
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Fig. 12. Change in As for the experiment 1.

7} 98 ZFollE 66.3, 64.5, 80.4 L 663 uSE A8
o} AsMe) E|go] wolHS4E ECeE A YRt
I Jok(Fig. 11).

Hl2xo) 749 249el7E e B o AAE0]
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Fig. 13. Change in Cd for the experiment II.
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A% Ni 2 Zn 3 g2 FH3l 0.5-1 mLe] EE
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Table 3. The result of KS method
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13|14 ] S5 AA AL 7

I T AAFTTES(AAS)E B3}, TCLP(Toxicity
Characteristic Leaching Procedurey= "] EPA®] Method
13115 #3}7] HlATHEPA, 1992). $ejuet ELed
AN EY A9 pHe BEkA] e
TCLPHOIME EXAHA|9] pHoll wet pH7t o 5 7}
) grig Mo ABHES shu ok, T 9 =
T BRYHOP] 9Ea A §30) FEHA T2

KSHol 23t 8245483 —100H3)e] A2} +1003
A AERT 571 w4 e CH ol 1WA 7t
2 QI3 Anz Azrg}. £3) vlae] A9, -1008A]
FEE 5013 ppmS] WA +1009A2] F5+= 32.3 ppm
o2 oF 1558 Rfe]7} vhA 2R Ytel] ¥t HHE
Ao F=2FG. A& Aol B¢ & AN E
FEEAFHS ¢ BrY AT ) AERYD T2t WA
Uehtal ot ghae] 13 o] gobdas &5
Te SRk ), ole Ql3AH &4t wheete ¥
AE AHEo] tA] f3E AnE AYZETKTable 3 3
Z). TCLPRol| <3l 8&4%S 3 ZA¢= vRPHA=E
-100HA1S] A|F7}F +1008HA] AlsERTh ¥57t =4 v
Eion, 3% Hyo] g § IrAxsiM EXEEY
TS 3 B A def AlERT B2 @A UE
Ual itk TCLPY 82A1E A &A1 39 W
Q13N ko] oS E TEd Tt WolAe A
< HRIt} o] <13y g I&gvt whesie] AdE X

AEo] A BaEA Fethe RS ovigt. wgt 34

Yo i} ERE Peun vke Bt v v

Ui 3Itk(Table 4). o= 3249 B¢ Q84 & At

As (ppm) Zn (ppm) Ni (ppm) Cd (ppm)
No. 100 seive retained 323 5289 3233 0.5
No. 100 seive passing 501.3 766.3 5533 0.5
100% tailings 23.9 360.0 166.7 0.4
2% apatite added 162.5 317.6 420.0 0.5
4% apatite added 193.6 371.0 320.0 0.5
8% apatite added 189.4 524.6 263.3 0.5
10% aptite added (mixed) 242.6 343.5 65.8 0.3
15% aptite added (mixed) 234.0 4153 103.3 03
20% aptite added (mixed) 2213 3444 102.5 0.3
25% aptite added (mixed) 2123 366.5 131.7 0.3
10% aptite added (layered) 1493 379.3 54.2 0.3
15% aptite added (layered) 286.0 374.0 14.2 03
20% aptite added (layered) 274.5 343.6 583 0.4
25% aptite added (layered) 316.5 3299 77.5 0.3
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Table 4. The result of TCLP method

As (ppm) Zn (ppm) Ni (ppm) Cd (ppm)

No. 100 seive retained 15 0.1 02 0.1

No. 100 seive passing 24 0.2 0.1 0.1

100% tailings 0.9 0.1 0.1 0.1

2% apatite added 0.7 0.1 0.1 0.0

4% apatite added 0.6 0.2 0.1 0.1

8% apatite added 0.8 0.2 0.1 0.1

10% aptite added (mixed) 0.1 0.1 0.0 * N.D.

15% aptite added (mixed) 0.1 0.0 0.0 N.D.

20% aptite added (mixed) 0.1 0.0 0.0 0.0

25% aptite added (mixed) 0.1 0.0 0.0 0.0

10% aptite added (layered) 0.6 0.0 0.0 0.0

15% aptite added (layered) 0.6 0.0 0.0 N.D.

20% aptite added (layered) 0.6 0.0 0.0 N.D.

25% aptite added (layered) 0.6 0.0 0.0 0.0
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