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ABSTRACT

In this study, generic characteristics of the acid mine drainage (AMD), removal efficiency of iron, aluminium and
manganese by chemical treatment, electrolysis and hybrid process using electrolysis after neutralization were evaluated.
The pH of AMD was inversely proportional to the rainfall. In dry-season, the average pH of AMD was ranged from 4.5 to
5.5, showing slight variation. However, the pH of AMD was gradually decreased along with rainfall and dropped to 3.02
in September showing the greatest rainfall. Removal efficiency of heavy metals by chemical treatments using three
different neutralizing agents or by electrolysis was low. However, a hybrid process performed with electrolysis after
addition of neutralization shows higher removal capacity for heavy metal ions than neutralization-alone and electrolysis-
alone process.
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Fig. 1. Electrolysis reactor used in this study.
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Table 1. Process of field test
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Fig. 2. A schematic diagram of electrolysis treatment after
neutralizing AMD (batch-test).
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Fig. 3. A schematic diagram of electrolysis treatment after neutralizing AMD (continuous-test).
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Fig. 4. Variation of AMD flow rate against monthly rainfall in
Youngdong coal mine area.
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mine area.
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Table 2. Solubility product of metal hydroxides (K, 25°C)
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Fig. 7. Oxidation rate of Fe** species as a function of pH (Gazea
et al., 1996).
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Fig. 8. Solubility of metal hydroxides as a function of pH.
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Table 3. Removal of heavy metals by addition of (a) NaOH, (b) Ca (OH),, (c) NaHCOj3; Jar-test

pH Raw 6.5 7 7.5 8 8.5
NaOH
. 0 0.34 0.5 0.57 0.62 0.64
(50% solution, mL/L)
Fe 314.25 154.63 60.93 6.67 2.04 0.25
Mn 8 times 6.83 6.48 5.8 4.6 3.33 0.61
Al 31.15 6.56 0.81 0.08 0 0
Ca(OH),
0 1.26 1.41 1.58 1.66 1.7
(70% powder, g/L)
Fe 312.5 136.75 23.7 0.97 0.35 0.02
Mn 4 times 7.8 7.28 6.65 543 3.95 0.9
Al 4043 6.93 1.55 0.35 0 0
NaHCO;
0 1.48 2.88 5.1 9.64 18.71
(99% powder, g/L)
Fe 314.25 176.63 72.98 12.94 1.79 0.43
Mn 8 times 6.86 6.46 6.05 4.99 4.03 0.84
Al 31.15 841 1.22 0.06 0 0

Table 4. Variation of pH and concentration of heavy metals during electrolysis in a batch reactor (3 L scale)

Time (min)
Item Influent
20 40 60 80 100 120
pH 4.07 2.69 245 241 2.52 2.52 2.52
Fe 304 189 153 123 105 97 82
Mn 72 72 72 72 72 72 7.2
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Fig. 9. Variation of pH, Fe and Al concentration; batch-test Fig. 10. Variation of pH and Mn concentration; batch-
(electrolysis after neutralizing AMD by NaOH). test(electrolysis after neutralizing AMD by NaOH).

Table 5. Removal of Fe and Mn by electrolysis after neutralizing AMD with NaHCO; in a batch reactor
(Unit of Fe, Mn : mg/L)

Category AMD . pH Current (A) Injection
in control tank 40 50 60 70 80 amount (g)
pH 4.7 6.05 5.93 5.82 5.73 5.82 5.88
Fe 317 103.5 432 154 44 1.85 1.2 37.5
Mn 5.6 5.6 5.1 4.7 44 3.8 3.5
pH 4.7 6.51 6.43 6.37 6.29 6.34 64
Fe 317 63.4 25.1 12.7 1.92 1.12 0.83 60.0
Mn 5.6 5.6 5.6 5.1 4.6 3.8 35
pH 4.98 6.82 6.81 6.88 6.94 6.99 7.01
Fe 316.25 452 13.8 1.67 0.82 0.64 0.32 75.0
Mn 5.8 4.6 3.8 33 23 1.9 1.7
pH 4.16 6.84 6.77 6.71 6.83 6.94 7.07
Fe 380 87.4 422 122 4.9 1.7 0.51 97.5
Mn 6.9 5.1 3.7 34 2.7 24 23
pH 5.1 6.98 7.04 7.09 7.12 7.13 7.17
Fe 302.5 399 10.61 0.37 0.1 0.05 0.02 105.0
Mn 6.0 4.6 34 29 23 2.0 1.5
pH 431 7.02 6.85 6.82 6.86 6.93 6.99
Fe 374.1 772 1.99 0.14 0.13 0.13 0.11 120.0
Mn 6.6 53 5.0 4.7 42 33 29
pH 4.61 7.18 7.22 7.25 7.29 7.31 7.24
Fe 380 58.3 17.4 7.94 1.71 0.69 0.42 157.5
Mn 6.9 5.8 3.8 33 2.5 2.0 1.8
pH 4.67 7.23 7.25 7.31 7.38 7.39 741
Fe 301.1 39.1 10.5 1.98 0.7 0.53 0.2 142.5
Mn 6.2 4.2 2.9 2.5 2.0 1.8 1.5
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Fig. 12. Removal efficiency of heavy metals in each process
(Neutralization, Reaction tank and Effluent tank) of electrolysis
treatment (80 A, 12 min) after neutralizing AMD by NaHCO;
(28 kg/day).

Table 6. SS concentration over the reaction time in a pilot reactor (electrolysis after neutralizing by NaHCO5)

Sedimentation time (hr)

Category

5 6 7 8 9 10 11 12
SS (mg/L) 49.5 443 39.2 314 29.1 24.7 204 14.8
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Fig. 11. Pictures of pilot-scale treatment process (electrolysis treatment after neutralizing AMD by NaHCOj).

Table 7. Variation of pH and concentration of heavy metals (Fe, Mn, Al) in each process of electrolysis treatment after neutralizing

AMD by NaHCOs in a pilot reactor (Unit of Fe, Mn : mg/L)
Residence pH Fe Mn Al
Process .
time 40A  60A  80A 40A 60A 80A 40A 60A 80A 40A 60A  80A
AMD - 508 495 392 3081 3044 3000 63 63 6.8 176 203  31.6

pH control tank 120min  6.72  7.08  7.16 44.8 26.8 13.4 56 54 5.1 0.3 1.6 22
Electrolysis 12 min 712 7.0  7.03 3.6 2.6 0.5 4.1 29 1.9 0 0 0.1
Sedimentation 8 hr 730 724 717 0.4 0.7 0.3 40 28 1.8 0 0 0
Effluent 1 hr 734 726 720 0.3 0.5 0.2 40 27 1.8 0 0 0

Table 8. Inorganic composition and hazardous substances in the sludge generated from pilot reactor (electrolysis after neutralizing AMD)

Composition Ratio (%) Hazardous substances Criteria (mg/L) Result (mg/L)
SiO, 0.11 Pb 3 N.D
ALO; 12.4 Cu 3 N.D
Fe,0; 48.7 As 1.5 N.D
CaO 21.7 Hg 0.005 N.D
MgO 3.47 CN- 1 N.D
SO; 0.96 cr® 1.5 N.D
Na,O 0.22 Cd 0.3 N.D
K,O 1.15 Organic phosphorus compound 1 N.D
MnO 0.44 Tetrachloroethylene 0.1 N.D
TiO, 0.02 Trichloroethylene 0.3 N.D
ZnO 0.07 Oil component 5% Below 5%
CuO 0.03
Cr,0; 0.01
Cr 0.00

*N.D : No detecting

AFA7} Table 700149} 2] NaHCO; 538} ¥ 40 A o7 A 7|EXE 2H3IAIL, 60 AA AR 30
oM Z7lEsl sks o, HEAE Wikl 4.0 mg/L < "= FHFHEGU F1le] 2.7 mg/LE 71EA] oUZE
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