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ABSTRACT

The objectives of this study were to investigate the efficiencies of the stabilizers such as mono-potassium phosphate
(MKP), phosphate fertilizer and red mud in treating the mine tailings contaminated with heavy metals and to characterize
the changes in fractionations of the heavy metals during the stabilization. The TCLP results showed that the stabilization
efficiencies of Cd, Pb and Zn increased with the increase in the stabilizer dosage and the reaction times. MKP showed the
highest efficiencies for the heavy metals stabilization among the stabilizers tested. When the mine tailings were amended
with MKP, the TCLP concentrations of Cd, Pb and Zn were reduced by 79~97%, 61~84%, and 89~99%, respectively.
When the composite stabilizers, MKP/phosphate fertilizer or MKP/red mud, were used, the stabilization efficiencies were
lower than when MKP was used as a single stabilizer. The sequential extraction results showed that carbonates fraction of
Cd and Zn increased generally. Especially, when red mud was used, carbonates fraction of Cd and Zn increased 5 and 18
times, respectively. In the case of Pb, the treatment with MKP increased residual fraction by 10 times. The results showed
that MKP was the most effective in stabilizing the heavy metals (Cd, Pb and Zn) to improve the efficacy of the composite

binders.
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Table 1. Characteristics of the mine tailings
Concentration (mg/kg)
H CEC (meq/100
P (meq & Cd Pb Zn
AZAY 6.1 25.2 62.4 341 -
B34k 34 25.2 113 26.3 2,581
Table 2. Characteristics of the stabilizers
MKP Phosphate Fertilizer (PF) Red Mud (RM)
pH 43 9.6 11.5
Water content (%) 0.20 0.019 1.31
Organic matter (%) - 0.36 7.16
CEC (meq/100 g) - 0.31 0.50
Cd (mg/keg) - 0.13 0.43
Pb (mg/kg) - 2.97 31.7
Zn (mg/kg) - 9.17 4.77
CaO - 70.9 7.01
SiO, - 15.2 9.85
Fe,0; - 1.23 41.03
Chemical vhase (% ALO; - - 21.8
emical phase (%) P,Os 5 0.62 B
K,0 - 0.35 0.16
MgO 34 3.72 0.27
Others 14 7.98 19.88
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o] Z43}992™ CEC(cation exchange capacity)= EPA
method 9081% wWsith BJu|e] T4 sov T
(HNO;, HCIO,, HF)S o]&3ly FE3}o] ICP-AES
(OPTIMA 2100DV, Perkin Elmer)& -2J3}ic}t. 4w]¢]
pH, CEC, 5% ¥&& Table 19 VERISIT o714
AZ B PgSA] A AMgEloH, B
2be] Bl ksl Aol ARSI AR} BEAE
o] v pHE 47t 6.1, 342 MY B AR B

dF=om, Buje] CECE 252 meq/100 g2 HES]
76~100 meq/100 g = 2 ks YERITE F54
AT AR B vl 247 | ojde] 2
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Table 3. Procedures for TCLP extraction
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MKP2} HA/NS|AHIE, AFFHFARER] #l=H =9} Fly ash
E AMESIAT. Tessier7t AIRKeH Ta52] EAFE] F
exchangeable?} carbonates FEl= FAgolHt 2FiH oA
A 82 T A FEolth Fe&Mn 2B8kE FHi=
A7 dHIE 2 o gdEgel oa 82 Aot
o] ZAFe= A DA F=0NA] carbonates FE7} &3

Soil pH Extraction methods
Fluid #1 <50 &5 500 mLel] glacial acetic acid 5.7 mL 7F5}3 1 N NaOH 64.3 mLE- 7}3F ¥ 1 L2 3} (pH 4.93 £0.05)
Fluid #2  >50 &5 glacial acetic acid 5.7 mL 7}3le] 1 L2 & (pH 2.88 +0.05)

Table 4. Steps for sequential extraction procedure (SEP)

,

Step Extractant Target
Fraction 1 A2 1g& pH 72 A" 1M MgCl, 20 mLell #H7sle] 24|75t atsle] % Exchangeable
Fraction I «pH 52 2% 1M NaOAcE 20 mL #7}8l] 6A17F 59t :Hksle] & (23 £2°0) Carbonates

Fraction III

Fraction 1V Ao

a2

Fraction V _
2% HNOs®E F=

«pH 22 4% 0.04 M NH,OH - HCIZ} 25% HOAc &34 20 mL

+85°Cel|4] 0.02M HNO; 3 mL8} 30% H,0, 8 mLE A718ke] 247k B}t wHMA|7IwA %
Y771 F 32 M NH0AcE 10 mLE #7718l 30 52t auksle] &

* HCIO, 2.5 mLS} HF 5 mLE 747 A7}sle] 21491771 A olA] ob& wll7bA] 110°Cell M 7Fa gk F oy

o

7¥sled % (77°C) Fe & Mn oxide

Organic
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Table 5. The amounts of Cd and Pb leached from the sequential extraction(1~3 steps) of the initial screening samples

Control Fly ash Lime PF RM MKP
Exchangable 2.35 2.40 0.08 2.03 1.80 1.75
Cd Carbonates 16.5 1.58 2.08 0.33 0.35 0.13
(mghkg)  Fe & Mn oxide 6.45 0.80 3.80 0.40 1.30 2.15
Total 253 4.78 5.96 2.76 345 4.03
Exchangable 0 0 0 0 0 0
Pb Carbonates 58.5 5.73 545 0.30 0 0
(mglkg)  Fe & Mn oxide 189 224 206 99.4 167 16.2
Total 247.5 229.73 21145 99.7 167 16.2
pH 5.61 7.40 12.45 7.18 7.31 6.25
100 5 1500
TCLP 7|1& TCLP 7|1& TCLP 7|1&
: 20 mg/kg : 100 mg/kg B =
80 4 1200 <
) 8 o o ) )
< =) =< < S
£ E,| g £,.10
=% B B - ? < %
I —N 8 < Z = 8
H ® ——al| S H ® ®
o 2 C
- o < @ @ S - ?*"T — O
g o Il 8 8 ¥ e
5 5 O, g 5
o o 8 ‘_ — = o & -
20 . & o 1 il o 300; 1
L2 —— |
- T D
0 —— Y 0 ——— 0 ’ i $—
0 2 4 6 8 10 12 14 0 2 4 8 10 12 14 0 2 4 6 8 10 12 14
Time(day) Time(day) Time(day)
(a): Cd (b) : Pb (¢): Zn
~O-MKP-10% -9- MKP-20% -4-MKP-40%
-B-PF-10%  -8-PF-20% - PF-40%
-©-RM-10% -®-RM-20% -@-RM-40%

Fig. 1. Concentrations of Cd, Pb, and Zn leached from the stabilized mine tailings (TCLP test).

3] 8=HA FE AT =4 HEEHH, A LSl
A 3 PRl EEEHUTH o] FHle WA HEd
THAnju and Banerjee, 2010). W2} AYo]-8-4(bioa-
vailability)°] 07} BHE= AE5FF T 1 -2 - 394
MRS F2E B3l FEsHAlY] FeS

S Wlslalen, o1
Z2IE Table 59l JERARITE 559 & 559 42
2 Kk s W A3 7k=ae e A3
AHE > # =M= > MKP > Fly ash > A13]4, o] 7%
MKP > HeA3AHE > Pl=m= > X314 > Fly ash &
o7 w2 sl 388 Bt AEAEs Sl 7=
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Table 6. Final pH values of the stabilized mine tailings
MKP PF RM MKP + PF MKP +RM
10% 423 6.07 6.49 5.45 5.76
20% 4.67 6.70 7.72 6.45 6.45
40% 4.96 6.63 7.46 7.72 6.94

% pHE Table 60 YERSI=T, 2+ QPgsiAle] M7tk
o] ZVVE HFE pHE SR 4TS Btk

7h=F9 A HSAE ArsAl ke BrldMe
94.02 mg/kge] 8=HUCH o= TCLP 71l 20 my
kgS 23h= holtt. s} Xg] 149 A7} & 859
7IEH9] 5= MKP > #HEHE > HAISAHIE &0
2 =3k MKPE 37| tiH] 10, 20, 40% F7IEIAS
) 8=%57} 22 199, 957, 3.14 mgkeg®E TCLP
71%(20 mgkg) ©18FE UERGAIT A1) xulge} )
THES RIS e 85557t VIEET =30t
(Fig. 1(a)). 39 A5 HgsAlE A7I8IA] @2 3o
M= 258 mgkeo] §EFHOH o= TCLP 71&(100
mg/kg)H T} Br Flolct. g3t X 14Y A & 85
H 3ol %= MKP> HAARISAHIE > GurE o
2 =A% MKPE 37 oMl 10, 20, 40% F7EISS
o) 825571 242} 0.98, 1.0, 0.43 mg/keollom, ¢HY
SIS A7l ¢k v Ml 3o 8Esse 24
62, 61, 84% ZHA3IATHFig. 1(b)). o} 3¢ HYs
AE H7VelA 82 BlolAE 1558 mgkge] &=
ok Pgst A 149 A & 8EH oY FEE
MKP > 13 4H 5 > H=Em= £o2 E=THFig.
1(c)). MKPZ 10, 20, 40% 37F5IS uf olde] £&
57t 242 173, 65.5, 20.1 mgkeo] £=E30.0H, oFg
SIS A7kl e #Bv] oMl v &5 sse 4%
89, 96, 99% 7rAsh= Ao = VERSTH
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S AWE ZA7 MKP > AAJFARIE > HEms Fo
2 Uit AR dite} Adolgk Al 7 Ajel
ARESE o] FEE EAFE)T 2] Wil o=
T 7P =8 Pdst &8-S e MKPY S+
% M3t Axe ofd >IlER > £2% YERth
E%F] pH, CEC(Cation Exchange capacity), 7% %
F 52 Tus sl S kIt 2T Aot
gl BRI #2007y LA KHPO,)E 0163}
7I=H, &, oldS 9o w o dARl ES o3}
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Utk Baslglon ol o9 Bl B4 ¥ FE59

Ir xo lt
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Fig. 2. Changes in the fractionations of the heavy metals in the stabilized mine tailings when the 20% stabilizer was used.
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Fig. 3. Concentrations of Cd, Pb, and Zn leached from the mine tailings treated by the composite stabilizers (TCLP test).
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